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PATENT 

ATTORNEY DOCKET NO: 01997/536002 
A TUMOR SUPPRESSOR PATHWAY IN C. ELEGANS 

Cross Reference to Related Applications 
The present application claims priority from U.S. provisional application number 
60/208,802, filed on June 2, 2000, which is hereby incorporated by reference. 

Statement as to Federally Sponsored Research 
The present research was supported by a grant from the National Institutes of 
Health (Number GM 24663). The U.S. government has certain rights to this invention. 

Background of the Invention 

The field of the invention is cell proliferation. 

The nematode Caenorhabditis elegans (C. elegans) is well suited for 
developmental genetic studies because the entire cell lineage has been mapped and is 
essentially invariant from one animal to the next. Thus, by comparing the cell lineage of 
a wild-type animal to that of a mutant animal, the changes in cell fates caused by the 
mutation can be determined. 

A number of mutations that alter cell lineage in C. elegans, termed lin mutations, 
were obtained in genetic screens conducted by Horvitz and Sulston in the late 1970 ! s. A 
subset of the mutations affected the formation of the vulva, a structure on the ventral 
surface of C elegans hermaphrodites through which eggs are laid and through which 
sperm enters during cross-fertilization. Six vulval precursor cells have the potential to 
undertake a vulval cell lineage, as defined by the number and pattern of cell divisions. In 
a wild-type animal only three of these cells actually undertake vulval cell fates and these 
three cells generate the 22 cells that make up the adult vulva. In multivulva (Muv) 
animals, most or all of the six vulval precursor cells undertake vulval cell fates. In 
addition to the cells required for the formation of a normal vulva, these mutant animals 



generate an excess of cells which cause the formation of raised, vulva-like structures on 
the ventral surface of the animal. On the other hand, a vulvaless (Vul) phenotype results 
when no or too few vulval precursor cells adopt vulval cell fates. 

Genetic and molecular analyses of Muv and Vul animals have defined a Ras 
5 signal transduction pathway that mediates induction of the hermaphrodite vulva. This 
pathway includes the LIN-3 EGF-like ligand, the LET-23 receptor tyrosine kinase, the 
SEM-5 adaptor, LET-60 Ras, the KSR-1 kinase, LIN-45 Raf, MEK-2, and the MPK-1 
MAP kinase, and regulates the activities of the ETS transcription factor LIN-1 and the 
winged-helix transcription factor LIN-3 1 (reviewed by Horvitz and Sternberg, Nature 
10 351:535-41, 1991; Sundaram and Han, Bioessays 18:473-480, 1996; Tan et al., Cell 

.„ 93:569-580, 1998). Mutant animals in which this pathway is ectopically activated can 

\J 

*D display a Muv phenotype, whereas mutant animals that have reduced Ras pathway 

IS 

*u signaling can display a Vul phenotype. 

IS J 

J % The synthetic multivulva (synMuv) genes act in two functionally-redundant 

Hi 15 pathways as negative regulators of the nematode Ras signaling pathway. The first 

synthetic multivulva mutant was identified by Horvitz and Sulston. The two genetic loci 
!z mutated in this mutant were termed lin-8 and lin-9. Reduction-of-function mutations in 
p both of these loci were required for a multivulva phenotype. Subsequent genetic screens 

identified a set of loci which fall into the same class as lin-8 9 termed class A genes, and 
I s * 20 genes which fall into the same class as lin-9, termed class B genes. In general, an animal 
with a reduction-of- function mutation in any class A gene and a reduction-of-function 
mutation in any class B gene will display a multivulva phenotype, while animals carrying 
one or more mutations of the same class have a wild-type vulval phenotype. These two 
classes appear to define two functionally redundant pathways that negatively regulate the 
25 expression of vulval cell fates. 

Thus far at least four class A loci {lin-8, lin-15A, lin~38, and lin-56) and at least 
fourteen class B loci {lin-9, lin-15B, lin-35, lin-36, lin-37, lin-13, lin-52, lin-53, lin-54, 
lin-55 (dpl-1), lin-61, hda-1, tam-1 (Hsieh et al., Genes & Dev. 13:2958-2970, 1999), and 
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the C elegans E2F1 homolog (efl-1)) have been identified genetically, lin-15 encodes 
both A and B activities in two non-overlapping transcripts. In addition, lin-37, lin-35, 
lin-53, lin-52, lin-54, lin-55 (dpl-1), lin-15 A, lin-15B, lin-36, lin-9, lin-55, and efl-1 have 
been cloned (Ceol and Horvitz, Molecular Cell 7:461-473, 2001; Clark et al. 5 Genetics 
5 137:987-997, 1994; Huang et al, Mol. Biol. Cell 5:395-41 1, 1994; Beitel et al, Gene 
254:253-263, 2000; and PCT WO 98/54299). 

A number of the synMuv family members encode polypeptides with sequence 
similarity to polypeptides involved in cancer development and progression. For example, 
lin-35 encodes a homolog of the mammalian pocket protein family, which includes 
10 retinoblastoma protein (Rb), pi 07, and pi 30. This family of proteins has been the 
.„ subject of intense study since the cloning of Rb in 1986. Rb is a tumor suppressor gene; 
*fl mutations that inactivate Rb predispose individuals to tumor formation. Most commonly, 
inactivation of Rb results in a type of eye cancer, retinoblastoma, although inactivating 

! ^ mutations in Rb have been found in other types of tumors. The Rb protein is thought to 

ul 

i!j 15 function as a negative regulator of cell cycle progression. A number of molecules that 
Id 

interact, both directly and indirectly, with Rb and the other pocket proteins have been 
**z characterized in mammalian cells. 

m 

13 Another synMuv family member, lin-53, encodes a homolog of p48, a protein 

l sit 

S«5 which has been shown to bind Rb. Although the functional significance of the interaction 
H'20 between p48 and Rb is not fully understood, recent studies suggest that p48 may play a 
role in remodeling chromatin structure. In addition, lin-55 (dpl-1) encodes a homolog of 
the DP family of proteins (Ceol and Horvitz, Molecular Cell 7:461-473, 2001). DP 
family members, together with E2F proteins, bind DNA at specific sites, thereby 
regulating the transcription of genes that are essential for cell cycle progression. 
25 Furthermore, pocket proteins such as Rb bind to the DP-E2F complex to repress 
transcription. 

As in the nematode, Ras pathways have been found to control cell proliferation in 
a range of organisms from the yeast Saccharomyces cerevisiae to humans. The Ras 
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pathway defines one class of oncogene signaling pathways; members of this pathway, 
most commonly Ras itself, have been shown to be mutated in a broad range of human 
cancers (Hunter, Cell 88:333-346, 1997). Accordingly, analysis of the Ras pathway, in 
particular the vulval induction pathway, in C elegans addresses the significant need of 
5 increasing our understanding of cancer in general 

Summary of the Invention 
We isolated and cloned three novel C. elegans genes, lin-8, lin-56, and lin-61, that 
are part of two synMuv pathways and we characterized several mutations in these genes. 
10 lin-8 9 lin-56, and lin 61 genes, their mutants, and the proteins they encode, may be used 
^ in genetic and biochemical model systems to further our understanding of cell 

Seal 

*0 proliferative diseases, including cancer, as well as in diagnosing and treating cell 

•4 proliferative diseases. 

s J: Accordingly, the first aspect of the invention features a substantially pure nucleic 

! y 15 acid encoding a LIN-8 polypeptide, where the LIN-8 polypeptide includes at least 130 

ui 

j contiguous amino acids of SEQ ID NO: 1 and modulates cell proliferation. In a preferred 

']*! embodiment of this aspect of the invention, the amino acid sequence of the LIN-8 

O polypeptide includes SEQ ID NO:l, and in another embodiment, the LIN-8 polypeptide 

E ,_E. 

j« has an amino acid alteration relative to the sequence of SEQ ID NO:l, for example, one 
l - ~ 20 that increases cell proliferation. 

In other preferred embodiments of this aspect, the polynucleotide sequence of the 
nucleic acid includes SEQ ID NO:2, or at least 400 contiguous nucleotides of SEQ ID 
NO:2. In addition, the polynucleotide sequence of the nucleic acid may include a mutant 
lin-8 nucleic acid sequence, for example, SEQ ID NO: 16, SEQ ID NO: 18, SEQ ID 
25 NO:20, SEQ ID NO:22, SEQ ID NO:24, SEQ ID NO:26, SEQ ID NO:28, SEQ ID 
NO:30, SEQ ID NO:32, SEQ ID NO:34, SEQ ID NO:36, SEQ ID NO:38, SEQ ID 
NO:40, SEQ ID NO:42, SEQ ID NO:44, or SEQ ID NO:46. 
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A second aspect of the invention features a polypeptide having an amino acid 
sequence identical to any one of SEQ ID NO:17, SEQ ID NO:19, SEQ ID NO:25, SEQ 
ID NO:27, SEQ ID NO:29, SEQ ID NO:31, SEQ ID NO:33, SEQ ID NO:35, SEQ ID 
NO:37, SEQ ID NO:39, SEQ ID NO:41, SEQ ID NO:43, SEQ ID NO:45, or SEQ ID 
5 NO:47. 

In a third aspect, the invention encompasses a substantially pure nucleic acid 
encoding a LIN-56 polypeptide, where the LIN-56 polypeptide includes at least 1 10 
contiguous amino acids of SEQ ID NO:3 and modulates cell proliferation. In addition, 
the amino acid sequence of the LIN-56 polypeptide may be SEQ ID NO:3. In a preferred 
10 embodiment of this aspect of the invention, the LIN-56 polypeptide has an amino acid 
m alteration relative to the sequence of SEQ ID NO: 3, for example, one that increases cell 
*S proliferation. 

Is 

In additional embodiments of this aspect of the invention, the polynucleotide 
s g sequence of the nucleic acid includes SEQ ID NO:4, or at least 400 contiguous 

" IT 5 

jy 15 nucleotides of SEQ ID NO:4. Furthermore, the polynucleotide sequence of the nucleic 

!i| 

5 acid may be a mutant lin-56 nucleic acid sequence, such as SEQ ID NO:48. 

A fourth aspect of the invention features a substantially pure nucleic acid 
(3 encoding a LIN-61 polypeptide, where the LIN-61 polypeptide includes at least 130 
q contiguous amino acids of SEQ ID NO:5 and modulates cell proliferation. In preferred 
•™20 embodiments of this aspect, the amino acid sequence of the LIN-61 polypeptide may be 
SEQ ID NO:5, or the LIN-61 polypeptide has an amino acid alteration relative to the 
sequence of SEQ ID NO:5, for example, one that increases cell proliferation. 

In another embodiment of this aspect of the invention, the polynucleotide 
sequence of the nucleic acid may be SEQ ID NO:6, or it may include at least 400 
25 contiguous nucleotides of SEQ ID NO:6. Furthermore, the polynucleotide sequence of 
the nucleic acid may be a mutant lin-61 nucleic acid sequence, for example, one having 
the sequence of SEQ ID NO:73, SEQ ID NO:74, SEQ ID NO:75, or SEQ ID NO:78. 
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A fifth aspect of the invention encompasses a polypeptide having an amino acid 
sequence identical to any one of SEQ ID NO:70, SEQ ID NO:71, or SEQ ID NO:72. 

In a sixth aspect, the invention features a vector including a nucleic acid having a 
polynucleotide sequence, for example, SEQ ID NO:2, SEQ ID NO:4, SEQ ID NO:6, 
5 SEQ ID NO: 16, SEQ ID NO: 18, SEQ ID NO:20, SEQ ID NO:22, SEQ ID NO:24, SEQ 
ID NO:26, SEQ ID NO:28, SEQ ID NO:30, SEQ ID NO:32, SEQ ID NO:34, SEQ ID 
NO:36, SEQ ID NO:38, SEQ ID NO:40, SEQ ID NO:42, SEQ ID NO:44, SEQ ID 
NO:46, SEQ ID NO:48, SEQ ID NO:73, SEQ ID NO:74, or SEQ ID NO:75. Preferably, 
this vector is capable of directing expression of the nucleic acid, for example, in a cell. 
10 A seventh aspect of the invention encompasses a transgenic cell including a 

^ nucleic acid sequence encoding a lin-8, a lin-56, or a lin-61 polypeptide, where the 

^0 nucleic acid sequence is located in the genome of the cell in a position in which it does 

IB 

% tj not naturally occur. In addition, the nucleic acid sequence may be operably linked to a 
\ % heterologous promoter. 

|U 15 Additional aspects of the invention feature purified antibodies which specifically 

bind to a LIN-8, LIN-56, or LIN-61 polypeptide. 
]Z In further aspects, the invention provides methods of modulating proliferation of a 

S3 cell which involve administering a proliferation-modulating amount of a polypeptide, or a 
j«t nucleic acid encoding a polypeptide, having the amino acid sequence of SEQ ID NO:l, 
^20 SEQ ID NO:3, or SEQ ID NO:5 to a cell, for example, a mammalian cell, such as a 
human cell. In addition, the nucleic acid sequence may be contained in a vector. 

In another aspect, the invention features a method of identifying a compound that 
modulates cell proliferation, involving: (a) providing a cell expressing a nucleic acid, for 
example, a lin-8, lin-56, or lin-61 nucleic acid, or a reporter gene, operably linked to a 
25 lin-8, lin-56, or lin-61 promoter; (b) contacting the cell with a candidate compound; and 
(c) measuring the expression of the nucleic acid, where an alteration in the level of 
expression of the nucleic acid indicates the presence of a compound that modulates cell 
proliferation. In preferred embodiments, step (c) involves measuring the expression of 
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the protein encoded by the nucleic acid, for example by using an antibody that 
specifically binds to a LIN-8, LIN-56, or LIN-61 polypeptide, or step (c) may also 
involve measuring the mRNA level of the nucleic acid. 

An additional aspect of the invention provides a method of identifying a candidate 
5 compound, for example, a polypeptide, that binds to a LIN-8, LIN-56, or LIN-61 

polypeptide, involving: (a) providing the polypeptide; (b) contacting the polypeptide with 
a candidate compound; and (c) measuring the binding of the candidate compound to the 
polypeptide, where the binding indicates the presence of a candidate compound that binds 
a LIN-8, LIN-56, or LIN-61 polypeptide. 
10 Furthermore, in another aspect, the invention provides a method of diagnosing an 

iSSk animal, for example, a mammal, such as a human, for the presence of a cell proliferation 
Cr disease, such as cancer, or for an increased likelihood of developing a cell proliferation 
\\ disease. This method involves determining whether a nucleic acid sample obtained from 
; - the animal includes a mutant lin-8, lin-56, or lin-6l nucleic acid, where the presence of 
SU 15 the mutant lin-8, lin-56, or lin-61 nucleic acid indicates that the animal has a cell 

proliferation disease, or is at an increased likelihood of developing a cell proliferation 
]d disease. In preferred embodiments of this aspect of the invention, the mutant lin-8 
p nucleic acid may be, for example, Un-8(n2738) t lin-8(n2731), lin-8(n3606) f Un-8(n3595), 
% lin-8(n2739), lin-8(n3586), Un-8(n3588) f lin-8(nlll), lin-8(n2741), Un-8(n3585), lin- 
H20 8(n3646) } Un-8(n2376), Un-8(n2378) f Un-8(n2403), lin-8(n2724) f Hn-8(n3607), lin- 
8(n3591), lin-8(n3609), or Un-8(n3581), the mutant lin-56 nucleic acid may be, for 
example, Un-56(n3355) or Un-56(n2728), and the mutant lin-61 nucleic acid may be, for 
example, lin-61 (n3446), lin-61 (n3447) f lin-61 (n3624), or lin-61 (n3 63 5). 

In an additional aspect, the invention features a method of diagnosing an animal, 
25 for example, a mammal, such as a human, for the presence of a cell proliferation disease, 
or an increased likelihood of developing a cell proliferation disease. This method 
involves measuring lin-8, lin-56 t or lin-61 nucleic acid expression in a sample obtained 
from the animal, where an alteration in the expression, relative to a sample obtained from 
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an unaffected animal, indicates that the animal has a cell proliferation disease, or an 
increased likelihood of developing a cell proliferation disease. In a preferred 
embodiment of this aspect, nucleic acid expression is measured by measuring the amount 
of the LIN-8, LIN-56, or LIN-61 polypeptide, for example, by using an antibody that 
5 specifically binds to a LIN-8, LIN-56, or LIN-61 polypeptide in the sample. However, 
nucleic acid expression may also be measured by measuring the amount of lin-8, lin-56, 
or lin-61 mRNA in the sample. 

In a final aspect, the invention provides a method of identifying a nucleic acid that 
modulates cell proliferation. This method involves: (a) expressing in a cell (i) a first 
10 nucleic acid operably linked to a first promoter, where the first promoter may be the lin- 
n 8, lin-56, or lin-61 promoter; and (ii) a second nucleic acid operably linked to a second 
*B promoter; and (b) measuring the expression of the first nucleic acid, where a modulation 

m 

1 ,j in the expression of the first nucleic acid in the presence of the second nucleic acid, 

!« indicates that the second nucleic acid modulates cell proliferation. In a preferred 

lU 15 embodiment of this aspect, the first nucleic acid is a lin-8 f lin-56, or lin-61 nucleic acid. 

! . i 

8 Furthermore, the measuring in step (b) may also involve comparing the amount of 

jj? modulation in the expression of the first nucleic acid seen in the presence of the second 

13 nucleic acid with that seen in the presence of a control nucleic acid that does not 

5 c 

i 

i»s modulate cell proliferation. 

•:sar 

i*20 

Definitions 

By a "lin-8 nucleic acid" is meant a nucleic acid sequence, or fragment thereof, 
that is substantially identical to SEQ ID NO:2, or portions thereof. Preferably a "lin-8 
nucleic acid" is identical to at least 100, 200, 300, 390, 400, 450, 500, 600, 700, 800, 900, 
25 1000, 1 100, or 1200 contiguous nucleotides of SEQ ID NO:2, its complement, or to the 
corresponding RNA sequence. However, a "lin-8 nucleic acid" may also be identical to 
SEQ ID NO:2. In addition, a "lin-8 nucleic acid" may be characterized by its ability to 
modulate cell proliferation. Furthermore, a "lin-8 nucleic acid" may refer to a nucleic 
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acid sequence including nucleic acids 375-989, 400-900, 450-850, 500-800, or 550-750 
of SEQ ID NO:2, or to a nucleic acid that hybridizes under highly stringent conditions to 
these regions of SEQ ID NO:2. For example, highly stringent conditions include 
hybridization at about 42°C and about 50% formamide, 0.1 mg/mL sheared salmon sperm 
5 DNA, 1% SDS, 2X SSC, 10% Dextran sulfate, a first wash at about 65°C, about 2X SSC, 
and 1% SDS, followed by a second wash at about 65°C and about 0.1X SSC. 
Alternatively, highly stringent conditions may include hybridization at about 42 °C and 
about 50% formamide, 0.1 mg/mL sheared salmon sperm DNA, 0.5% SDS, 5X SSPE, 
IX Denhardt's, followed by two washes at room temperature and 2X SSC, 0.1% SDS, 
10 and two washes at between 55-60°C and 0.2X SSC, 0.1% SDS. The terms "gene" and 
"nucleic acid sequence" may be used interchangeably. 
?D By a "mutant lin-8 nucleic acid" or a "mutated lin-8 nucleic acid" is meant a 

m 

\j nucleic acid sequence, or fragment thereof, differing from the wild-type lin-8 nucleic acid 

jjj- sequence by at least one nucleotide. This nucleotide difference may result, for example, 

!1J 15 in the "mutant lin-8 nucleic acid" encoding a truncated LIN-8 protein or one containing a 
IjJ 

s missense mutation. Preferably, the "mutant lin-8 nucleic acid" is identical to at least 100, 

<5 200, 300, 390, 400, 500, 600, 700, 800, 900, or 1000 contiguous nucleotides of SEQ ID 

m 

p NO:2, its complement, or the corresponding mRNA sequence. Most preferably, the 
£ "mutant lin-8 nucleic acid" is the Un-8(n2738) t Un-8(n2731), Un-8(n3606), lin-8(n3595) t 
H20 Hn-8(n2739), Un-8(n3586), Un-8(n3588), lin-8(nlll), Hn-8(n2741) t lin-8(n3585) t lin- 
8(n3646) t lin-8(n2376), Un-8(n2378) t lin-8(n2403), lin-8(n2724) f lin-8(n3607), lin- 
8(n3591), lin-8(n3609), or Un-8(n3581) nucleic acid sequence. Furthermore, a C. elegans 
carrying a mutant lin-8 nucleic acid sequence and a reduction of function mutation in any 
synMuv class B gene will display a multivulva phenotype. 
25 By a "lin-56 nucleic acid" is meant a nucleic acid sequence, or fragment thereof, 

that is substantially identical to SEQ ID NO:4, or portions thereof. Preferably a "lin-56 
nucleic acid" is identical to at least 100, 200, 300, 330, 390, 400, 450, 500, 600, 700, 800, 
900, or 1000 contiguous nucleotides of SEQ ID NO:4, its complement, or to the 
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corresponding RNA sequence. However, a "lin-56 nucleic acid" may also be identical to 
SEQ ID NO:4. In addition, a "lin-56 nucleic acid" may be characterized by its ability to 
modulate cell proliferation. Furthermore, a "lin-56 nucleic acid" may refer to a nucleic 
acid sequence including nucleic acids 376-1 108, 400-1000, 400-700, 450-950, 450-800, 
5 500-900, 550-850, or 600-800 of SEQ ID NO:4, or to a nucleic acid that hybridizes under 
highly stringent conditions to these regions of SEQ ID NO:4. For example, highly 
stringent conditions include hybridization at about 42°C and about 50% formamide, 0.1 
mg/mL sheared salmon sperm DNA, 1% SDS, 2X SSC, 10% Dextran sulfate, a first wash 
at about 65°C, about 2X SSC, and 1% SDS, followed by a second wash at about 65°C and 
10 about 0.1X SSC. Alternatively, highly stringent conditions may include hybridization at 
^ about 42°C and about 50% formamide, 0.1 mg/mL sheared salmon sperm DNA, 0.5% 

ICS? 

^0 SDS, 5X SSPE, IX Denhardt's, followed by two washes at room temperature and 2X 
'3 SSC, 0.1% SDS, and two washes at between 55-60°C and 0.2X SSC, 0.1% SDS. 
= » By a "mutant lin-56 nucleic acid" or a "mutated lin-56 nucleic acid" is meant a 

iU 15 nucleic acid sequence, or fragment thereof, differing from the wild-type lin-56 nucleic 

acid sequence by at least one nucleotide. This nucleotide difference may result, for 
]£ example, in the "mutant lin-56 nucleic acid" encoding a truncated LIN-56 protein or one 
(3 containing a missense mutation. Preferably, the "mutant lin-56 nucleic acid sequence" is 
!« identical to at least 100, 200, 330, 390, 400, 500, 600, 700, 800, 900, or 1000 contiguous 
20 nucleotides of SEQ ID NO:4, its complement, or the corresponding mRNA sequence. 
Most preferably, the "mutant lin-56 nucleic acid" is the Hn-56(n3355) nucleic acid 
sequence. Furthermore, a C elegans carrying a mutant lin-56 nucleic acid sequence and 
a reduction of function mutation in any synMuv class B gene will display a multivulva 
phenotype. 

25 By a "lin-61 nucleic acid" is meant a nucleic acid sequence, or fragment thereof, 

that is substantially identical to SEQ ID NO:6, or portions thereof. Preferably a "lin-61 
nucleic acid" is identical to at least 100, 200, 300, 390, 400, 450, 500, 600, 700, 800, 900, 
1000, 1100, 1200, 1300, or 1400 contiguous nucleotides of SEQ ID NO:6, its 
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complement, or to the corresponding RNA sequence. However, a "lin-61 nucleic acid" 
may also be identical to SEQ ID NO:6. In addition, a "lin-61 nucleic acid" may be 
characterized by its ability to modulate cell proliferation. Furthermore, a "lin-61 nucleic 
acid" may refer to a nucleic acid sequence including nucleic acids 375-1 150, 400-1 100, 
400-1000, 450-950, 500-1000, 500-900, or 550-850 of SEQ ED NO:6, or to a nucleic acid 
that hybridizes under highly stringent conditions to these regions of SEQ ID NO:6. For 
example, highly stringent conditions include hybridization at about 42 °C and about 50% 
formamide, 0.1 mg/mL sheared salmon sperm DNA, 1% SDS, 2X SSC, 10% Dextran 
sulfate, a first wash at about 65°C, about 2X SSC, and 1% SDS, followed by a second 
wash at about 65°C and about 0.1X SSC. Alternatively, highly stringent conditions may 
include hybridization at about 42°C and about 50% formamide, 0.1 mg/mL sheared 
salmon sperm DNA, 0.5% SDS, 5X SSPE, IX Denhardfs, followed by two washes at 
room temperature and 2X SSC, 0.1% SDS, and two washes at between 55-60°C and 0.2X 
SSC, 0.1% SDS. 

However, a "lin-61 nucleic acid" may also be identical to at least 100, 200, 300, 
390, 450, 500, 600, 700, 800, 900, 1000, 1 100, 1200, 1300, or 1400 contiguous ' 
nucleotides of SEQ ID NO: 76, its complement, or to the corresponding RNA sequence. 
In addition, a "lin-61 nucleic acid" may be identical to SEQ ID NO:76. 

By a "mutant lin-61 nucleic acid" or a "mutated lin-61 nucleic acid" is meant a 
nucleic acid sequence, or fragment thereof, differing from the wild-type lin-61 nucleic 
acid sequence by at least one nucleotide. This nucleotide difference may result, for 
example, in the "mutant lin-61 nucleic acid" encoding a truncated LIN-61 protein or one 
containing a missense mutation. Preferably, the "mutant lin-61 nucleic acid" is identical 
to at least 100, 200, 300, 390, 400, 500, 600, 700, 800, 900, 1000, 1100, 1200, 1300, or 
1400 contiguous nucleotides of SEQ ID NO:6, its complement, or the corresponding 
mRNA sequence. Most preferably, the "mutant lin-61 nucleic acid" is the lin-61 (n3446), 
lin-61 (n3447), or lin-61 (n3624) nucleic acid sequence. However, a mutant "lin-61 
nucleic acid," for example, a lin-61 (sy223) or lin-61 (n3635) nucleic acid sequence, may 



- 11 - 



also be identical to at least 100, 200, 300, 390, 400, 500, 600, 700, 800, 900, 1000, 1100, 
1200, 1300, or 1400 contiguous nucleotides of SEQ ID NO:76, its complement, or the 
corresponding mRNA sequence. Furthermore, a C. elegans carrying a mutant lin-61 
nucleic acid sequence and a reduction of function mutation in any synMuv class A gene 
will display a multivulva phenotype. 

By a "lin-8(nlll) nucleic acid" is meant a nucleic acid sequence having SEQ ID 
NO: 16, its complement, or the corresponding RNA sequence. 

By a "Hn-8(n2741) nucleic acid" is meant a nucleic acid sequence having SEQ ID 
NO: 18, its complement, or the corresponding RNA sequence. 

By a "Un-8(n2738) nucleic acid" is meant a nucleic acid sequence having SEQ ED 
NO:20, its complement, or the corresponding RNA sequence. 

By a "lin-8(n2731) nucleic acid" is meant a nucleic acid sequence having SEQ ID 
NO:22, its complement, or the corresponding RNA sequence. 

By a "Un-8(n3585) nucleic acid" is meant a nucleic acid sequence having SEQ ID 
NO:24, its complement, or the corresponding RNA sequence. 

By a "Un-8(n3646) nucleic acid" is meant a nucleic acid sequence having SEQ ID 
NO:26, its complement, or the corresponding RNA sequence. 

By a "Un-8(n3606) nucleic acid" is meant a nucleic acid sequence having SEQ ED 
NO:28, its complement, or the corresponding RNA sequence. 

By a "Un-8(n2376) nucleic acid" is meant a nucleic acid sequence having SEQ ID 
NO:30, its complement, or the corresponding RNA sequence. 

By a "Un-8(n2378) nucleic acid" is meant a nucleic acid sequence having SEQ ID 
NO:32, its complement, or the corresponding RNA sequence. 

By a "Un'8(n3595) nucleic acid" is meant a nucleic acid sequence having SEQ ID 
NO:34, its complement, or the corresponding RNA sequence. 

By a "Un-8(n2403) nucleic acid," a "lin-8(2724) nucleic acid," or a "lin-8(3607) 
nucleic acid" is meant a nucleic acid sequence having SEQ ED NO:36, its complement, or 
the corresponding RNA sequence. 
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By a "Un-8(n3581) nucleic acid" is meant a nucleic acid sequence having SEQ ED 
NO:38, its complement, or the corresponding RNA sequence. 

By a "Un-8(n3609) nucleic acid" is meant a nucleic acid sequence having SEQ ID 
NO:40, its complement, or the corresponding RNA sequence. 

By a "Un-8(n2739) nucleic acid" is meant a nucleic acid sequence having SEQ ID 
NO:42, its complement, or the corresponding RNA sequence. 

By a "Un-8(n3586) nucleic acid," or a "lin-8(n3588) nucleic acid" is meant a 
nucleic acid sequence having SEQ ID NO:44, its complement, or the corresponding RNA 
sequence. 

By a "Un-8(n3591) nucleic acid" is meant a nucleic acid sequence having SEQ ID 
NO:46, its complement, or the corresponding RNA sequence. 

By a "Un-56(n3355) nucleic acid" is meant a nucleic acid sequence having SEQ 
ID NO:48, its complement, or the corresponding RNA sequence. 

By a u lin-56(n2728) nucleic acid" is meant a deletion encompassing all or part of 
a lin-56 nucleic acid sequence in an isolated nucleic acid containing the genomic region 
that normally contains a lin-56 nucleic acid sequence. 

By a "Un-61(n3446) nucleic acid" is meant a nucleic acid sequence having SEQ 
ID NO:73, its complement, or the corresponding RNA sequence. 

By a "Hn-61(n3447) nucleic acid" is meant a nucleic acid sequence having SEQ 
ED NO:74, its complement, or the corresponding RNA sequence. 

By a "lin-61(n3624) nucleic acid" is meant a nucleic acid sequence having SEQ 
ID NO:75, its complement, or the corresponding RNA sequence. 

By a "Un-61(sy223) nucleic acid" is meant a nucleic acid sequence having SEQ 
ED NO: 77, its complement, or the corresponding RNA sequence. 

By a "Hn-61(n3635) nucleic acid" is meant a nucleic acid sequence having SEQ 
ED NO:78, its complement, or the corresponding RNA sequence. 

By "LIN-8 polypeptide" or "LIN-8 protein" is meant a polypeptide or protein 
encoded by a lin-8 nucleic acid sequence. Preferably, a "LIN-8 polypeptide" is identical 
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to at least 30, 50, 100, 130, 200, 250, 300, or 350 contiguous amino acids of SEQ ID 
NO:l. Most preferably, a "LIN-8 polypeptide" is identical to SEQ ID NO:l and has a 
LIN-8 biological activity described below. 

By a "mutant LIN-8 polypeptide" is meant a LIN-8 polypeptide that differs by at 
5 least one amino acid from a wild-type LIN-8 polypeptide. In addition, a mutant LIN-8 
polypeptide may also be a truncated protein, for example, due to the presence of a 
premature stop codon in the nucleic acid sequence encoding the mutant LIN-8 
polypeptide. In addition, a "mutant LIN-8 polypeptide" is preferably 50%, 60%, 70%, 
75%, 80%, 85%, 90%, 95%, or even 99% identical to at least 30, 50, 100, 130, 200, 250, 
10 300, or 350 contiguous amino acids of SEQ ID NO: 1 . Furthermore, the mutant LIN-8 
polypeptide preferably is the polypeptide encoded by Un-8(n2738), Un-8(n2731), lin- 
m 8(n3606) f lin-8(n3595) f lin-8(n2739), Hn-8(n3586), lin-8(n3588), lin-8(nlll), lin- 
8(n2741) t Un-8(n3585) t lin-8(n3646), Un-8(n2376) t Un-8(n2378) ) Un-8(n2403) t lin- 
8(n2724) t Un-8(n3607), Un-8(n3591), Un-8(n3609), or Un-8(n3581). Most preferably, a 
!U 1 5 "mutant LIN-8 polypeptide" is identical to SEQ ID NO: 1 7, SEQ ID NO: 1 9, SEQ ID 
J" NO:25, SEQ ID NO:27, SEQ ID NO:29, SEQ ID NO:31, SEQ ID NO:33, SEQ ID 
S NO:35, SEQ ID NO:37, SEQ ID NO:39, SEQ ID NO:41, SEQ ID NO:43, SEQ ID 

H 1 : 

h NO:45, or SEQ ID NO:47. 

^ By "LIN-56 polypeptide" or "LIN-56 protein" is meant a polypeptide or protein 

H s 20 encoded by a lin-56 nucleic acid sequence. Preferably, a "LIN-56 polypeptide" is 

identical to at least 30, 50, 100, 130, 200, 250, or 300 contiguous amino acids of SEQ ID 
NO:3. Most preferably, a "LIN-56 polypeptide" is identical to SEQ ID NO:3 and has a 
LIN-56 biological activity described below. 

By a "mutant LIN-56 polypeptide" is meant a LIN-56 polypeptide that differs by 
25 at least one amino acid from a wild-type LIN-56 polypeptide. In addition, a mutant LIN- 
56 polypeptide may also be a truncated protein, for example, due to the presence of a 
premature stop codon in the nucleic acid sequence encoding the mutant LIN-56 
polypeptide. In addition, a "mutant LIN-56 polypeptide" is preferably 50%, 60%, 70%, 
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75%, 80%, 85%, 90%, 95%, or even 99% identical to at least 30, 50, 100, 130, 200, 250, 
or 300 contiguous amino acids SEQ ID NO:3. Furthermore, the mutant LIN-56 
polypeptide is preferably the polypeptide encoded by a Hn-56(n3355) nucleic acid. 

By "LIN-61 polypeptide" or "LIN-61 protein" is meant a polypeptide or protein 
encoded by a lin-61 nucleic acid sequence. Preferably, a "LIN-61 polypeptide" is 
identical to at least 30, 50, 100, 130, 200, 250, 300, 350, or 400 contiguous amino acids 
of SEQ ID NO:5. Most preferably, a "LIN-61 polypeptide" is identical to SEQ ID NO:5 
and has a LIN-61 biological activity described below. 

By a "mutant LIN-61 polypeptide" is meant a LIN-61 polypeptide that differs by 
at least one amino acid from a wild-type LIN-61 polypeptide. In addition, a mutant LIN- 
61 polypeptide may also be a truncated protein, for example, due to the presence of a 
premature stop codon in the nucleic acid sequence encoding the mutant LIN-61 
polypeptide. In addition, a "mutant LIN-61 polypeptide" is preferably 50%, 60%, 70%, 
75%, 80%, 85%, 90%, 95%, or even 99% identical to at least 30, 50, 100, 130, 200, 250, 
300, 350, or 400 contiguous amino acids SEQ ID NO:5. Preferably, a "mutant LIN-61 
polypeptide" is encoded by a lin-61 (n3446), lin-61 (n3 44 7), or lin-61(3624) nucleic acid. 
Most preferably, a "mutant LIN-61 polypeptide" is identical to SEQ ID NO:70, SEQ ID 
NO:71,or SEQIDNO:72. 

By an "amino acid alteration," as used herein, is meant a change in an amino acid 
sequence, relative to the wild-type sequence. Such a change may be, for example, the 
substitution of one or more amino acids with heterologous amino acids, as well as the 
addition or deletion of one or more amino acids. In addition, an "amino acid alteration" 
may result in a truncated protein. 

By "heterologous promoter" is meant a nucleic acid sequence that drives 
expression of a nucleic acid sequence, e.g., a gene, with which is not naturally associated. 

By a "synMuv gene" is meant a nucleic acid sequence encoding LIN-9, LIN- 15 A, 
LIN-15B, LIN-37, LIN-35, LIN-53, LIN-55, LIN-52, LIN-54, and the E2F-1 gene of C 
elegans, and the LIN-54 genes of the mouse and human. SynMuv genes also include 
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those which encode polypeptides encoded by ESTs zp44h06.sl, zr79el l.rl, and 

EST 180962 and any other nucleic acid sequence identified as a synMuv sequence known 

in the art. 

By "synMuv polypeptide" or "synMuv protein" is meant a polypeptide encoded 
5 by a synMuv gene. 

By "LIN-8 biological activity," "LIN-56 biological activity," or "LIN-61 
biological activity" is meant an activity of a LIN-8, LIN-56, or LIN-61 polypeptide, when 
expressed or overexpressed, either alone or in combination, with another polypeptide in a 
cell, which is absent or decreased in the absence of the LIN-8, LIN-56, or LIN-61 
10 polypeptide. A LIN-8, LIN-56, or LIN-61 biological activity includes modulating or 
altering cell proliferation. Another activity is rescuing (i.e., suppressing) a LIN-8, LIN- 
Q 56, or LIN-61 mutant phenotype. Less preferably, a LIN-8, LIN-56, or LIN-61 biological 

j activity involves binding to other known synMuv polypeptides, in vivo or in vitro. 

%i 

Z Another LIN-8, LIN-56, or LIN-61 biological activity is binding to an antibody that 

Ji 

U 15 recognizes a LIN-8, LIN-56, or LIN-61 polypeptide. Finally, a LIN-8, LIN-56, or LIN- 

ii 

61 biological activity may also be the ability of the nucleic acid sequence encoding the 
3 polypeptide to hybridize to a detectably-labeled probe from a lin-8, lin-56, or lin-61 
3 nucleic acid sequence under high, or less preferably, low stringency conditions. 
Z By "modulating cell proliferation" or "altering cell proliferation" is meant 

~20 increasing or decreasing the number of cells which undergo cell division in a given cell 
population or altering the fate of a given cell. It will be appreciated that the degree of 
modulation provided by LIN-8, LIN-56, LIN-61, or a modulatory compound, in a given 
assay will vary, but that one skilled in the art can determine the statistically significant 
change (e.g., a p-value < 0.05) in the level of cell proliferation which identifies a 
25 modulatory compound. 

By "inhibiting cell proliferation" is meant any decrease in the number of cells that 
undergo division relative to an untreated control. Preferably, the decrease is at least 25%, 
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more preferably the decrease is at least 50%, and most preferably the decrease is at least 
75%, 80%, or even 100%. 

By "a cell proliferation disease," is meant a disorder that is due to any genetic 
alteration within a differentiated cell that results in the abnormal proliferation of the cell. 
Examples of such changes include mutations in genes involved in the regulation of the 
cell cycle, of growth control, or of apoptosis, and further can include tumor suppressor 
genes and proto-oncogenes. In addition, "a cell proliferation disease" may be the result 
of, for example, an inappropriately high level of cell division, or an inappropriately low 
level of apoptosis, or both. Specific examples of cell proliferation diseases are various 
types of cancer including cancers of the reproductive system, such as cervical cancer and 
ovarian cancer. 

By "unaffected animal," as used herein, is meant an animal that does not have, or 
is not at an increased likelihood of developing, a cell proliferation disease. 

By "specifically binds," as used herein in reference to an antibody, is meant an 
antibody that recognizes a specific protein, or shows staining in a sample, but does not 
recognize a specific protein, or show staining, in a sample not containing the protein of 
interest. Assays used to determine binding include, for example, Western blotting, 
affinity column purification, and tissue staining. A sample not containing the protein of 
interest may be obtained from an organism mutant for the protein of interest. 

By "polypeptide" is meant any chain of amino acids, regardless of length or post- 
translational modification (e.g., glycosylation or phosphorylation). 

By "substantially identical" is meant a polypeptide or nucleic acid exhibiting at 
least 50%, preferably 60%, 70%, 75%, or 80%, more preferably 90% or 95%, and most 
preferably 99% homology to a reference amino acid or nucleic acid sequence. For 
polypeptides, the length of comparison sequences will generally be at least 16 amino 
acids, preferably at least 20 amino acids, more preferably at least 25, 35, 50, 75, 100, 110, 
130, 150, 200, 250, 300, or 310 amino acids, and most preferably the full-length amino 
acid sequence. For nucleic acids, the length of comparison sequences will generally be at 
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least 50 nucleotides, preferably at least 60 nucleotides, more preferably at least 75, 110, 
200, 330, 390, 450, 600, 800, 900, or 1000 nucleotides, and most preferably the full- 
length nucleotide sequence. 

Sequence identity may be measured using sequence analysis software on the 
5 default setting (i.e., Sequence Analysis Software Package of the Genetics Computer 
Group, University of Wisconsin Biotechnology Center, 1710 University Avenue, 
Madison, WI 53705). Such software may match similar sequences by assigning degrees 
of homology to various substitutions, deletions, and other modifications. Conservative 
substitutions typically include substitutions within the following groups: glycine, alanine, 
10 valine, isoleucine, leucine; aspartic acid, glutamic acid, asparagine, glutamine; serine, 
threonine; lysine, arginine; and phenylalanine, tyrosine. 

A polypeptide which is substantially identical to a LIN-8, LIN-56, or LIN-61 
"J polypeptide (SEQ ID NOS:l, 3, or 5) may be, for example, another substantially pure 
I* naturally-occurring mammalian LIN-8, LIN-56, or LIN-61 polypeptide as well as an 



IU 15 allelic variant; a natural mutant; an induced mutant; and a DNA sequence that encodes a 

y 

, polypeptide. In addition, such polypeptides may also be any polypeptides specifically 

bound by antisera directed to a LIN-8, LIN-56, or LIN-61 polypeptide. Furthermore, 



50, 75, 90, 1 10, 130, 150, 200, 250, or 300 contiguous amino acids of SEQ ID NOS:l, 3, 
or 5. 

By a "substantially pure polypeptide" is meant a polypeptide, for example, LIN-8, 
LIN-56, or LIN-61, that has been separated from components which naturally accompany 
25 it. Typically, the polypeptide is substantially pure when it is at least 60%, by weight, free 
from the proteins and naturally-occurring organic molecules with which it is naturally 
associated. Preferably, the preparation is at least 75%, more preferably at least 90%, and 
most preferably at least 99%, by weight, a LIN-8, LIN-56, or LIN-61 polypeptide. A 




polypeptides that are substantially identical to LIN-8, LIN-56, or LIN-61 polypeptides 
also include chimeric polypeptides that have a LIN-8, LIN-56, or LIN-61 polypeptide 
portion. Preferably, this LIN-8, LIN-56, or LIN-61 polypeptide portion contains at least 
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substantially pure LIN-8, LIN-56, or LIN-61 polypeptide may be obtained, for example, 
by extraction from a natural source (e.g., a fibroblast, neuronal cell, or lymphocyte cell); 
by expression of a recombinant nucleic acid encoding a LIN-8, LIN-56, or LIN-61 
polypeptide; or by chemically synthesizing the polypeptide. Purity can be measured by 
any appropriate method, e.g., column chromatography, polyacrylamide gel 
electrophoresis, or by HPLC analysis. 

A protein is substantially free of naturally associated components when it is 
separated from those contaminants, which accompany it in its natural state. Thus, a 
protein, which is chemically synthesized or produced in a cellular system different from 
the cell from which it naturally originates, will be substantially free from its naturally 
associated components. Accordingly, substantially pure polypeptides include those 
derived from eukaryotic organisms but synthesized in E. coli or other prokaryotes. 

By a "substantially pure DNA" or "a substantially pure nucleic acid sequence" is 
meant a nucleic acid sequence or DNA that is free of the genes which, in the naturally- 
occurring genome of the organism from which the nucleic acid sequence or DNA of the 
invention is derived, flank the gene. The term therefore includes, for example, a 
recombinant DNA which is incorporated into a vector; into an autonomously replicating 
plasmid or virus; or into the genomic DNA of a prokaryote or eukaryote; or which exists 
as a separate molecule (e.g., a cDNA or a genomic or cDNA fragment produced by PCR 
or restriction endonuclease digestion) independent of other sequences. It also includes a 
recombinant DNA which is part of a hybrid gene encoding additional polypeptide 
sequence or an antisense DNA or RNA sequence. 

By "antisense" is meant a nucleic acid sequence, regardless of length, that is 
complementary to the coding strand gene encoding a nucleic acid sequence of interest, 
for example, a lin-8, lin-56, or lin-61 nucleic acid sequence. Preferably, the antisense 
nucleic acid is capable of decreasing the biological activity of the polypeptide encoded by 
the nucleic acid sequence of interest when present in a cell. Preferably the decrease is at 
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least 10%, relative to a control, more preferably 25%, 50%, or 75%, and most preferably 
100%. 

By "analog of LIN-8", "analog of LIN-56", or "analog of LIN-61," is meant 
differing from a naturally-occurring LIN-8, LIN-56, or LIN-61 polypeptide by amino 
5 acid sequence differences, by post-translational modifications, or by both. Analogs of the 
invention will generally exhibit at least 85%, more preferably 90%, and most preferably 
95% or even 99% identity with all or part of a naturally-occurring LIN-8, LIN-56, or 
LIN-61 amino acid sequence (SEQ ID NOS:l, 3, or 5). The length of sequence 
comparison is at least 25, 50, 75, 100, 110, 130, 150, 200, 250, or 300 contiguous amino 
10 acid residues, and more preferably more than 310 amino acid residues, for example, the 
l«l full-length sequence. Modifications include in vivo and in vitro chemical derivatization 

*D of polypeptides, e.g., acetylation, carboxylation, phosphorylation, or glycosylation; such 

IS 

■fj modifications may occur during polypeptide synthesis or processing or following 

] % treatment with isolated modifying enzymes. 

it: 

SU 15 In addition, analogs may differ from the naturally-occurring LIN-8, LIN-56, or 

. " LIN-61 polypeptide by alterations in primary sequence. These include genetic variants, 

J™? 

:2[ both natural and induced (for example, resulting from random mutagenesis by irradiation 

13 or exposure to ethanemethylsulfate (EMS) or by site-specific mutagenesis as described in 

3 Z 

i=j Sambrook, Fritsch and Maniatis, Molecular Cloning: A Laboratory Manual (2d ed.), Cold 
=^20 Spring Harbor Press, 1989, or Ausubel et al., Current Protocols in Molecular Biology , 
Wiley Interscience, New York, 2000). Also included are cyclized peptides, molecules, 
and analogs which contain residues other than L-amino acids, e.g., D-amino acids or non- 
naturally-occurring or synthetic amino acids, e.g., p or y amino acids. 

As used herein, the term "LIN-8 polypeptide fragment", "LIN-56 polypeptide 
25 fragment", or "LIN-61 polypeptide fragment," means at least 20 contiguous amino acids, 
preferably at least 50 contiguous amino acids, more preferably at least 100 contiguous 
amino acids, and most preferably at least 110, 130, 150, 200, 250, 300, 310 or more 
contiguous amino acids of SEQ ID NOS:l, 3, or 5. Fragments of LIN-8, LIN-56, or LIN- 
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61 polypeptides can be generated by methods known to those skilled in the art or may 
result from normal protein processing (e.g., removal of amino acids from the nascent 
polypeptide that are not required for biological activity or removal of amino acids by 
alternative mRNA splicing or alternative protein processing events). Preferable 
5 fragments or analogs according to the invention are those which facilitate specific 

detection of a lin-8, lin-56, or lin-61 nucleic acid or amino acid sequence in a sample to 
be diagnosed. 

By "transformed cell" is meant a cell into which (or into an ancestor of which) 
has been introduced, by means of recombinant DNA techniques, a DNA molecule 
10 encoding (as used herein) a LIN-8, LIN-56, LIN-61 polypeptide, or a reporter gene. 
j» By "transgene" is meant any piece of DNA that is inserted by artifice into a cell, 

^3 and becomes part of the genome of the organism that develops from that cell. Such a 
•%j transgene may include a gene that is partly or entirely heterologous (i.e., foreign) to the 
n Z transgenic organism, or may represent a gene homologous to an endogenous gene of the 
HJ 15 organism. Self-replicating units, such as artificial chromosomes, are included. 
, By "transgenic" is meant any cell that includes a DNA sequence inserted by 

]Z artifice into a cell and that becomes part of the genome of the organism that develops 
O from that cell. As used herein, the transgenic organism is generally a transgenic 
jg nematode (e.g., C. elegans), non-human mammal (e.g., a rodent such as a rat or mouse), 
^ 20 or a plant, and the DNA sequence (transgene) is inserted by artifice into the nuclear 
genome. 

By "transformation" is meant any method for introducing foreign molecules into a 
cell. Microinjection, lipofection, calcium phosphate precipitation, retroviral delivery, 
electroporation, and biolistic transformation are just a few of the teachings which may be 
25 used. For example, biolistic transformation is a method for introducing foreign 

molecules into a cell using velocity driven microprojectiles such as tungsten or gold 
particles. Such velocity-driven methods originate from pressure bursts, which include, 
but are not limited to, helium-driven, air-driven, and gunpowder-driven techniques. 
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Biolistic transformation may be applied to the transformation or transfection of a wide 
variety of cell types and intact tissues including, without limitation, intracellular 
organelles, bacteria, yeast, fungi, algae, animal tissue, and cultured cells. 

By "positioned for expression" is meant that a nucleic acid molecule is positioned 
adjacent to a nucleic acid sequence that directs transcription and translation of the 
sequence (i.e., facilitates the production of, e.g., a LIN-8, LIN-56, or LIN-61 polypeptide, 
a recombinant protein or an RNA molecule). 

By "reporter gene" is meant a gene whose expression may be assayed; such genes 
include, without limitation, those encoding glucuronidase (GUS), luciferase, 
chloramphenicol transacetylase (CAT), green fluorescent protein (GFP), and p- 
galactosidase. 

By "promoter" is meant minimal sequence sufficient to direct transcription. Also 
included in the invention are those promoter elements that are sufficient to render 
promoter-dependent gene expression controllable for specific cell-types or tissues. In 
addition, such promoters may also render gene expression inducible by external signals 
or agents. These promoter elements may be located in the 5 f or 3 f regions of the native 
gene, for example, a lin-8, lin-56, or lin-61 gene. 

By "operably linked" is meant that a gene and a regulatory sequence(s) are 
connected in such a way as to permit gene expression when the appropriate molecules 
(e.g., transcriptional activator proteins) are bound to the regulatory sequence(s). 

By "detectably-labeled" is meant any means for marking and identifying the 
presence of a molecule, e.g., an oligonucleotide probe or primer, a gene or fragment 
thereof, or a cDNA molecule. Methods for detectably-labeling a molecule are well 
known in the art and include, without limitation, radioactive labeling (e.g., with an 
isotope such as 32 P or 35 S) and nonradioactive labeling (e.g., chemiluminescent labeling, 
such as fluorescein labeling). 

By "purified antibody" is meant an antibody that is at least 60%, by weight, free 
from proteins and naturally-occurring organic molecules with which it is naturally 
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associated. Preferably, the preparation is at least 75%, more preferably 80%, 85%, or 
90%, and most preferably at least 99%, by weight, antibody, e.g., a LIN-8, LIN-56, or 
LIN-61 specific antibody. A purified antibody may be obtained, for example, by affinity 
chromatography using recombinantly-produced protein or conserved motif peptides and 
standard techniques. 

By "specifically binds" is meant an antibody which recognizes and binds a 
protein, but which does not substantially recognize and bind other molecules in a sample, 
e.g., a biological sample, which naturally includes additional proteins. 

By a "candidate compound" or "test compound" is meant a chemical, be it 
naturally-occurring or artificially-derived, that is surveyed for its ability to modulate cell 
proliferation, by employing one of the assay methods described herein. Candidate 
compounds may include, for example, peptides, polypeptides, synthetic organic 
molecules, naturally-occurring organic molecules, nucleic acid molecules, and 
components thereof. 

Other features and advantages of the invention will be apparent from the 
following description of the preferred embodiments thereof, and from the claims. 

Brief Description of the Drawings 

Fig. 1 is a schematic representation of the mapping of lin-8. 

Fig. 2 is a schematic representation of the rescue of lin-8 by B0454.1 . 

Fig. 3 shows the sequence homology of LIN-8 (SEQ ID NO:l) with several other 
polypeptides in C elegans (SEQ ID NOS:55-67). 

Fig. 4 is a schematic representation of the mapping of lin-56. 

Fig. 5 is a schematic representation of the rescue of lin-56 by ZK673.3. 

Fig. 6 shows the LIN-56 polypeptide sequence (SEQ ID NO: 3) as well as an 
alignment indicating the homology of an internal region of LIN-56 (SEQ ID NO:51) with 
several other C. elegans polypeptides (SEQ ID NOS:52-54). 
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Fig. 7 shows the sequence homology of the mbt repeats present in LIN-61 (SEQ 
ID NO:5) compared with mbt repeats from transcriptional repressors in other species 
(SEQIDNOS:7-15). 

Fig. 8 shows a sequence alignment between LIN-61 (SEQ ID NO: 5) and 
predicted worm (SEQ ID NO:69) and human (SEQ ID NO:68) proteins of unknown 
function. 

Fig. 9 shows that LIN-56 is localized to the nuclei of wild-type C elegans 
embryos (Panels A-C), larvae (Panel D), and adults. The staining shown was obtained 
with affinity-purified and pre-adsorbed rabbit polyclonal antibody HM1923. 

Fig. 10 shows that LIN-56 staining is absent in Un-56(n2728) embryos (Panels A- 
C), larvae (Panel D), and adults. The staining shown was obtained with affinity-purified 
and pre-adsorbed rabbit polyclonal antibody HM1923. 

Fig. 1 1 shows that /m-tf/(RNAi) embryos display a failure in chromosome 
condensation during the first abortive mitotic division. 

Fig. 12 shows that /m-6/(RNAi) embryos display early embryonic lethality and a 
failure to complete cytokineses. 

Fig. 13 shows that /m-<57(RNAi) embryos arrest as multiply nucleated single 
cytoplasms. 

Detailed Description of the Invention 

1. Introduction 

We have cloned lin-8, lin-56, and lin-61 of the C. elegans synMuv gene family. 
lin-8 and lin-56 are class A genes, and lin-61 is a class B gene. These genes function in 
cell proliferation and are members of a tumor suppressor pathway, which is related to a 
tumor suppressor pathway of clinical importance in humans. Accordingly, the genes 
described herein, mutations in these genes, as well as the previously known synMuv 
genes, may be used to identify new tumor suppressors in other species, such as mammals, 
and may be used to identify therapeutic compounds. The encoded polypeptides, and 
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nematodes carrying the newly cloned genes or mutations in these genes may similarly be 
employed. 

lin-8 encodes a novel polypeptide. The invention provides the polypeptide 
sequence (SEQ ID NO: 1), the nucleic acid sequence (SEQ ID NO: 2), and lin-8 mutants, 
5 for example, Un-8(n2738), lin-8(n2731), lin-8(n3606), lin-8(n3595) f lin-8(n2739), lin- 
8(n3586), Un-8(n3588), lin-8(nlll), Un-8(n2741), lin-8(n3585), Hn-8(n3646) t lin- 
8(n2376), lin-8(n2378), lin-8(n2403), Hn-8(n2724) f Un-8(n3607), lin-8(n3591), lin- 
8(n3609) and Hn-8(n3581). 

We also cloned lin-56 and describe the LIN-56 polypeptide sequence (SEQ ID 
10 NO: 3) and the lin-56 nucleic acid sequence (SEQ ID NO: 4) in the present invention, as 
^ well as lin-56 mutants, such as Un-56(n3355) and Un-56(n2728). 
0 In addition, we cloned lin-61 (SEQ ID NO:6). The polypeptide encoded by this 

4 gene (SEQ ID NO: 5) has homology with C elegans and human polypeptides of unknown 
k function, and to Drosophila polycomb group members and their related human proteins. 

ii 

y 15 Furthermore, we identified lin-61 mutants, for example, lin-61 (n3446) t lin-61 (n3447) t 

lin-61 (n3624), and lin-61 (n363 5). 
p! The present invention also provides mammalian homologs of the novel lin-8 f lin- 

□ 56, or lin-61 genes, which may be obtained using routine methods known to those skilled 
3 in the art. Such homologs may function in activating, enhancing, or otherwise 
20 intensifying the effects of tumor suppressors or oncogenes in mammals. 

Genetic enhancer or suppressor screens may be performed to identify new genes 
that may function in initiating, enhancing, or otherwise interfacing with this tumor 
suppressor pathway. In addition, the identification of the lin-8 \ lin-56, or lin-61 genes, in 
combination with what is known about proliferative disease pathways in mammals, 
25 allows one skilled in the art to readily devise drug screens involving these genes to search 
for compounds that affect cell proliferation. Specifically, compounds that block the Muv 
phenotype of animals with a mutation in lin-8 \ lin-56 t or lin-61 mutant animals are 
potential anti-tumor agents. The Muv phenotype may be present, for example, in a C. 
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elegans with either a mutation in lin-8 or lin-56 in combination with a reduction of 
function mutation in a synMuv B gene, or a mutation in lin-61 in combination with a 
reduction of function mutation in a synMuv A gene. Compounds that stimulate cell 
division in animals with a single, silent lin-8, lin-56, or lin-61 mutation are likely to be 
5 agonists of cell proliferation and may act in a manner analogous to growth factors. 

By providing insight regarding the function of the lin-8, lin-56, or lin-61 members 
of the synMuv genes in tumor suppression, and by identifying mutants in these genes, we 
have provided, in concert with generally known molecular biology and nematode genetic 
methods, the necessary elements of such methods and the compounds required for the 
1 0 practice of such methods. 

3 

0 2. Cloning of lin-8 

g The lin-8 (nl 11) allele was isolated in an EMS screen for cell- lineage mutants 

*j (Horvitz and Sulston, Genetics 96:435-454, 1980). The lin-8 gene was mapped to the 
y 15 eight-map-unit interval between sup-9 and lin-31 on chromosome II (Ferguson and 
Horvitz, Genetics 123: 109-121, 1989). As there were no other cloned genes in this 
interval that could be used for finer mapping, we used deficiencies to more precisely 
j locate lin-8 on the physical map. The left endpoints of three deletions, ccDfll, ccDfl, 
^ and ccDf2, that remove lin-31 but not sup-9 had previously been roughly located and we 
^20 further mapped the left endpoint of ccDfl using PCR techniques. Analysis of the 

pheno types of the Z^heterozygotes revealed that lin-8 is only deleted by ccDfll, thus 
placing lin-8 between sup-9 and M151 (Fig. 1). 

Further mapping against the polymorphism pPK5363 placed lin-8 between sup-9 
and C17F4. We identified a pool of two cosmids in this region that rescued the lin-8(lf) 
25 synMuv phenotype in germline transformation experiments. We further determined that 
this rescue effect was attributable to the single cosmid C03E12. Germline transformation 
experiments with subclones of C03E12 indicated that lin-8 is encoded by the predicted 
gene B0454.1 (Fig. 2). RNAi of this open reading frame produces a class A synMuv 
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phenotype. Furthermore, nineteen alleles of lin-8 have been sequenced and all alleles 
contain mutations within B0454.1 (Table 1). 



5 


Table 1 : Mutations Identified in lin-8 Alleles 

lin-8 allele WT sequence Mutant Sequence 


Amino Acid Change 




n2738 


TGG 


TAG 


W79amber 




flZ / jl 


PA A 


TA A 


Q113ochre 




n3606 


TGG 


TGA 


W147opal 


10 


n3595 


TGG 


TAG 


W163amber 




n3609 


CAG 


TAG 


Q279amber 




n2739 


AGA 


TGA 


R304opal 




n3586, n3588 


CAA 


TAA 


Q340ochre 


015 


nlll 


CTG 


CCG 


L20P 


■ !rC : 

Irs? 


n2741 


GTG 


ATG 


V68M 


i 8 I 


n3585 


CGC 


CAC 


R127H 


i y 


n3646 


CGC 


CAC 


R146H 




n2376 


GAG 


AAG 


E148K 




n2378 


CGC 


TGC 


R154C 




n2403, n2724, n3607 


GAG 


AAG 


E164K 




n3591 


GAG 


AAG 


E347K 




n3581 


GTG 


-TG 


frameshift after aal92 



1^25 



The LIN-8 polypeptide is 386 amino acids in length, is novel, and appears to be 
highly charged. However, the LIN-8 polypeptide shares sequence homology with several 
other C. elegans polypeptides (Fig, 3). 

30 3. Cloning of lin-56 

Identified as part of a screen to isolate new synMuv class A genes, lin-56 was 
previously mapped to the three-map-unit interval between dpy-10 and unc-53, close to 
unc-4, on chromosome II. We used the numerous deficiencies available in this region to 
further delineate the physical position of lin-56. The phenotypes of the Dfheterozygotes 
35 suggested that lin-56 is positioned between the cloned markers stP98 and bli-1 (Fig. 4). 
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We identified a pool of five cosmids in this region that rescued the lin-56(lj) synMuv 
phenotype in germline transformation experiments using a Un-56(n2728);lin-l 5B(n744) 
strain. This rescue effect was attributed to the single cosmid ZK673 (Fig. 5). 

Further germline transformation experiments with ZK673 subclones limited the 
lin-56 candidates to two predicted genes, ZK673.3 and ZK673.4. Using a combination of 
Southern blotting and PCR techniques, we determined that Hn-56(n2728) contains an 
1 1.2 kb deletion that completely eliminates these two genes and also removes the 3* end 
of a third gene, ZK673.2. RNAi of ZK673.3, but not ZK673.4, produced a synMuv 
phenotype in a lin-15B(n744) background. 

We have also identified a second lin-56 allele, designated Hn-56(n3355), isolated 
in a Un-56(n2728) non-complementation screen. Sequencing of this gene revealed that 
Un-56(n3355) contains a stop codon in ZK673.3, confirming our identification of this 
open reading frame as lin-56. 

The LIN-56 polypeptide is 322 amino acids in length (SEQ ID NO:3). This 
polypeptide appears to be novel and highly charged. LIN-56 does have an internal 
sequence (SEQ ID NO:51) that shares weak similarities with sequences in ZK673.4, LIN- 
ISA, and a predicted polypeptide T25B9.8 (SEQ ID NOS:52-54)(Fig. 6). This region 
(SEQ ED NO:51) contains a C3H motif, which consists of a series of three cysteines 
followed by a histidine (C-x(2)-C-x(16)-A-x(7)-V-x(9)-A-x(l l)-C-x(2)-H), where "x" 
can be any amino acid and where the number in parentheses indicates the number of "x" 
amino acids present at that position of the motif. The C3H motif suggests the presence of 
a metal binding domain, for example, a zinc-finger domain. However, the spacing of 
these residues is unlike that seen in any of the traditional motifs of this type. 

In addition, antibodies to LIN-56 have been generated, using the full length LIN- 
56 polypeptide to form a fusion protein with glutathione S-transferase. These antibodies 
were purified against a fusion between full length LIN-56 and maltose binding protein 
(MBP). The antibodies recognize the LIN-56 polypeptide in nematode extracts, as 
assessed by Western blot analysis. 
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4. Cloning of lin-61 

We cloned the class B synthetic multivulva gene lin-61 by means of mapping, 
transformation rescue with cosmid R06C7, and the direct sequencing of multiple mutant 
alleles (see below). The cDNA sequence was determined based on the intron/exon 
5 structure of the genomic DNA. The predicted cDNA contains an SL1 splice leader 

sequence. Based upon a combination of sequence from the 5' and 3* ends of the cDNAs, 
and the genomic sequence of predicted ORF R06C7.7, we found lin-61 to encode a 
protein highly similar to predicted human and G elegans proteins of undetermined 
function (Fig. 8). 

10 The predicted LIN-61 protein contains motifs associated with transcriptional 

repressor proteins in species ranging from Drosophila to human, indicating that LIN-61 
5p may play a similar role in transcriptional repression. The predicted LIN-61 protein 
%g contains four mbt repeats. These motifs are present in members of the Drosophila 
: * melanogaster polycomb family of transcriptional repressor proteins, including the 

Si 1 * 

SU 15 proteins lethal(3) malignant brain tumor (l(3)mbt), and sex combs on the midleg (SCM). 

1 ij 

These motifs are also present in homo logs of polycomb family members in other species, 

y including human (Fig. 7). Analysis of mutant SCM alleles in Drosophila suggests that 

U - 

p these mbt repeats are essential for SCM function (Bowermann et al, Genetics 150:675- 
S 686, 1998). 

H : 20 In addition, we found lin-61 to be 41 .1% identical at the nucleotide level to 

Drosophila l(3)mbt, and to be 40.8% identical at the nucleotide level to the human 
l(3)mbt homolog. Homology at the protein level, however, is much greater within the 
mbt repeats. 

We have isolated five alleles of lin-61 in addition to the mutation sy223 that 
25 originally defined the gene. A total of five alleles (including sy223) have been sequenced 
in our lab. sy223 is a single base pair alteration (G to A at position 2228 of SEQ ID 
NO:76) altering the splice acceptor site prior to the final exon of lin-6L lin-61 (n3446) is 
single base pair alteration (C to T at position 1234 of SEQ ID NO:6) causing an in frame 
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ochre stop codon in place of Glutamine 413 of SEQ ID NO:5 and Un-61(n3447) is a 
single base pair alteration (G to A at position 1061 of SEQ ID NO:6) causing an Serine to 
Asparagine missense mutation at amino acid 355 of SEQ ID NO:5. Furthermore, we 
identified lin-61(n3624) to be a single base pair alteration (C to T at position 394 of SEQ 
5 ID NO:6) that causes a Proline to Serine missense mutation at amino acid 133 of SEQ ID 
NO: 5 and Un~61(n3635) to encompass a single base pair alteration (G to A at position 
1 137 of SEQ ID NO: 76) in the splice acceptor site prior to the putative fourth exon of the 
protein. 

Each of these alleles causes a synthetic multivulva phenotype in combination with 
10 a class A synMuv gene. This is the only phenotype we have discovered to be associated 
p with these mutations, and the allele Un-61(n3446) has wild-type vulval morphology when 

*0 not in combination with a class A synMuv gene. 

IS 

None of the lin-61 alleles described above represent a clear molecular null. We 
; ~ have therefore sought to determine the phenotype associated with complete loss of lin-61 

a? : 

SU 1 5 function by means of RNA-mediated gene interference (RNAi). When wild-type animals 
' t ~ or animals containing a mutation in a class A synMuv gene are injected with dsRNA 
synthesized from cDNA corresponding to a portion of lin-61, they produce progeny 

U- 

13 which suffer from completely penetrant embryonic lethality. This phenotype includes an 
ig inability to complete cytokinesis beginning at the single cell stage (Fig. 12A). In these 
20 embryos, the cytokinetic furrow forms and, at first, ingresses essentially normally (Fig. 
12B-D), but subsequently regresses (Fig. 12E-G), resulting in a polyploid single 
cytoplasm (Fig. 12H). DNA replication continues to occur in the absence of completed 
cytokinesis, and the embryos display a terminal phenotype in which high levels of DNA 
(as visualized by DAPI staining (Fig. 13B)) and multiple mitotic spindles (as visualized 
25 by anti-tubulin antibody staining (Fig. 13C)) are present within what is often a single 
cytoplasm (Fig. 13 A). Moreover, embryos from lin-61 (RNAi) mothers (Fig. 1 1A) 
display a failure to condense mitotic chromosomes (as visualized by DAPI staining (Fig. 
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1 IB)). In these embryos, the mitotic spindle was visualized with an anti-tubulin antibody 
(Fig. 11C). 

We further examined the developmental functions of lin-61 by injecting lin-61 
dsRNA into RNAi defective rde-1 hermaphrodites and then mating these animals with 
5 N2 males (a technique described by Herman, Development 128:581-590, 2001). Cross 
progeny were then observed in an effort to gain an understanding of the phenotype 
produced after the reduction of zygotic lin-61 activity, while maintaining at least some 
maternal lin-61 function. Unlike lin-61 (RNAi), this approach yields animals that reach 
adulthood but display a host of developmental abnormalities including uncoordinated 
10 movement, abnormal development of the male tail, and possible abnormalities in the 

; ~ structure of the vulva. 

U 

"■0 Based on these results we conclude that lin-61 functions in a variety of embryonic 

ID 

\j and post-embryonic developmental processes in addition to its role in vulval development 

I % and cell proliferation. 

jlil5 

5 " 5. Characterization of Interactions among the lin-8. lin-56. lin-61 and Other svnMuv 

!^ Gene Products. 

if! 

Q Standard yeast two-hybrid techniques are used to characterize the physical 

js- interactions between the lin-8, lin-56, lin-61 and other synMuv gene products, for 

a „ 

^20 example, as described in U.S. S.N. 09/220,091, incorporated herein by reference. These 
two-hybrid systems can also be used to detect therapeutic compounds, which disrupt the 
synMuv protein-protein interactions, including interactions between lin-8 9 lin-56, and lin- 
61 gene products and other synMuv gene products. For example, in a genome-wide yeast 
two-hybrid screen, using LIN-35 as a bait, we showed LIN-8 and LIN-35 to interact. 
25 Interactions among the lin-8, lin-56, lin-61 and other synMuv gene products can 

also be examined using other methods known to one skilled in the art. For example such 
interactions can be determined by performing GST pull-down experiments using the 
appropriate fusion proteins, as described in U.S. S.N. 09/220,091. Alternatively, 
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interactions may be further investigated through the use of triple mutants using the 
appropriate genes, as also described in U.S. S.N. 09/220,091. 

6. Non- Vulval Phenotvpes in lin-8 and lin-61 Mutants 
5 lin-8 and lin-6 are also involved in a non-vulval phenotype. During the course of 

a C. elegans screen using a cell-type specific reporter, which results in the expression of 
green fluorescent protein, we discovered that a class of mutants exists in which this 
reporter is ectopically expressed in pharyngeal tissue, especially in the posterior pharynx. 
We refer to this phenotype to as the "green pharynx phenotype." Further studies have 
10 revealed that loss-of- function mutations in any of several genes {lin-8, lin-13, lin-61) 

belonging to both the class A and class B synMuv pathways can cause the green pharynx 
*Q phenotype. In the case of lin-8 9 all but one allele (n2376, E148K) tested exhibit the green 
!y pharynx phenotype, providing a single, distinct loss-of-function phenotype for this gene. 

In addition, some of the synMuv B genes are homologues of NuRD complex 
IU 1 5 components and loss-of-function mutations in other components of the NuRD chromatin 
remodeling complex (e.g., lin-40/egr-l and chd-3) can also cause the green pharynx 

M phenotype. Furthermore, the green pharynx phenotype has been observed with two 

in 

p distinct cell fate-specific reporters (pkd-2::gfp and lin-ll::gfp). 

The green pharynx phenotype is observed irrespective of whether the reporter 

1^20 transgene is integrated into the genome or whether it is present extra-chromosomally, 
indicating that chromosomal integration is not required. Additionally, when using an 
integrated reporter, the phenotype does not appear to be highly dependent on the site of 
chromosomal integration and the phenotype is observed with both low and high copy 
number transgenes. 

25 Our data indicate that the synMuv A and B genes may act in similar processes, 

and may work together in contexts other than vulval development and provide additional 
evidence that lin-8, lin-13 and lin-61 act in transcriptional repression. 
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7. Cloning lin-8. lin-56 and lin-61 Vertebrate Genes 

The invention described herein provides the identity of class A synMuv genes lin- 
8 and lin-56, and the class B synMuv gene lin-61. In view of what is know in the field 
regarding the synMuv family and its relationship to related genes in the Rb tumor 
suppressor pathway, we conclude that these newly cloned genes are also involved in 
pathways that modulate tumor suppression. It is likely that C. elegans lin-8 f lin-56 and 
lin-61 genes have ortholog counterparts in vertebrates, for example mammalian genes. 
One skilled in the art will recognize that these orthologs can be identified using standard 
techniques in molecular biology, such as screening of cDNA or genomic libraries, 
degenerate PCR, and the like, described in, for example, Ausubel et al. (supra). 
Orthologs can also be identified using computer-based search programs such as BLAST 
and dbEST to isolate expressed sequence tags (ESTs) with regions of similarity or 
identity to a lin-8, lin-56 or lin-61 gene. 

Vertebrate counterparts of C. elegans lin-8 t lin-56 and lin-61 are candidate tumor 
suppressor genes. Thus, one can screen for mutations in the human homologs of these 
genes in patients diagnosed with cancer or in immortalized cell lines. Similarly, the 
polypeptides encoded by these genes are candidate targets for anti-cancer drugs. A drug 
which increases synMuv polypeptide activity, for example, LIN-8, LIN-56, or LIN-61 
biological activity, may decrease proliferation of tumor cells. In addition, polypeptides 
which interact with other synMuv polypeptides or which regulate synMuv gene 
expression are also candidate tumor suppressors; these polypeptides can be isolated using 
standard techniques, as described herein or, for example, in Ausubel et al. {supra). 

8. LIN-8, LIN-56, or LIN-61 Polypeptide Expression 

A lin-8, lin-56 f or lin-61 nucleic acid sequence may be expressed in a 
prokaryotic or eukaryotic cell. In addition, it may be desirable to express the nucleic acid 
sequence under the control of an inducible promoter for the purposes of polypeptide 
production. 



-33- 



In general, LIN-8, LIN-56, or LIN-61 polypeptides may be produced by 
transformation of a suitable host cell with all or part of a LIN-8, LIN-56, or LIN-61 - 
encoding cDNA fragment (e.g., the cDNAs described above) in a suitable expression 
vehicle. 

5 Those skilled in the field of molecular biology will understand that any of a wide 

variety of expression systems may be used to provide the recombinant protein. The 
precise host cell used is not critical to the invention. The LIN-8, LIN-56, or LIN-61 
polypeptide may be produced in a prokaryotic host (e.g., E. coif) or in a eukaryotic host 
(e.g., nematodes, Saccharomyces cerevisiae, insect cells, e.g., Sf-21 cells, or mammalian 
10 cells, e.g., COS 1, NIH 3T3, or HeLa cells). Such cells are available from a wide range 
,^ of sources (e.g., the American Type Culture Collection, Rockland, MD; also, see, e.g., 
<Q Ausubel et al. (supra)). The method of transformation or transfection and the choice of 
*y expression vehicle will depend on the host system selected. Transformation and 
;^ transfection methods are described, e.g., in Ausubel et al. (supra); expression vehicles 

iff i 

I y 15 may be chosen from those provided, e.g., in Cloning Vectors: A Laboratory Manual (P.H. 

: : : 

| w Pouwels et al, 1985, Supp. 1987). 

jjj One preferred expression system is the baculovirus system (using, for example, 

!3 the vector pBacPAK9) available from Clontech (Palo Alto, CA). If desired, this system 
q may be used in conjunction with other protein expression techniques, for example, the 
^20 myc tag approach described by Evan et al. (Mol. Cell Biol. 5:3610-3616, 1985). 

Alternatively, a LIN-8, LIN-56, or LIN-61 polypeptide is produced by a stably- 
transfected mammalian cell line. A number of vectors suitable for stable transfection of 
mammalian cells are available to the public, e.g., see Pouwels et al. (supra); methods for 
constructing such cell lines are also publicly available, e.g., in Ausubel et al. (supra). In 
25 one example, cDNA encoding a LIN-8, LIN-56, or LIN-61 polypeptide is cloned into an 
expression vector which includes the dihydrofolate reductase (DHFR) gene. Integration 
of the plasmid, and, therefore, the LIN-8, LIN-56, or LIN-61 polypeptide-encoding gene, 
into the host cell chromosome is selected for by inclusion of 0.01-300 \iM methotrexate 
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in the cell culture medium (as described in Ausubel et al. {supra)). This dominant 
selection can be accomplished in most cell types and recombinant protein expression can 
be increased by DHFR-mediated amplification of the transfected gene. In addition, 
methods for selecting cell lines bearing gene amplifications are described in Ausubel et 
5 al. (supra); such methods generally involve extended culture in medium containing 
gradually increasing levels of methotrexate. DHFR-containing expression vectors 
commonly used for this purpose include pCVSEII-DHFR and pAdD26SV(A) (described 
in Ausubel et al. (supra)). Any of the host cells described above or, preferably, a DHFR- 
deficient CHO cell line (e.g., CHO DHFR° cells, ATCC Accession No. CRL 9096) are 
10 among the host cells preferred for DHFR selection of a stably-transfected cell line or 
rt DHFR-mediated gene amplification. 

*0 Once the recombinant LIN-8, LIN-56, or LIN-61 protein is expressed, it is 

*%j isolated, e.g., using affinity chromatography. In one example, an anti-LIN-8, LIN-56, or 

!~ LIN-61 protein antibody (e.g., produced as described herein) may be immobilized on a 

Ui 

TU 15 column and used to isolate the LIN-8, LIN-56, or LIN-61 protein. Lysis and 

r4 

fractionation of LIN-8, LIN-56, or LIN-61 protein-harboring cells prior to affinity 
]r? chromatography may be performed by standard methods (see, e.g., Ausubel et al. 
O (supra)). 

Jaj Once isolated, the recombinant protein can, if desired, be further purified, e.g., by 

*~ 20 high pressure liquid chromatography (see, e.g., Fisher, Laboratory Techniques In 
Biochemistry And Molecular Biology , eds., Work and Burdon, Elsevier, 1980). 

Polypeptides of the invention, particularly short LIN-8, LIN-56, or LIN-61 
protein fragments, can also be produced by chemical synthesis (e.g., by the methods 
described in Solid Phase Peptide Synthesis, 2nd ed., 1984, The Pierce Chemical Co., 
25 Rockford, IL). 

These general techniques of polypeptide expression and purification can also be 
used to produce and isolate useful LIN-8, LIN-56, or LIN-61 fragments or analogs 
(described herein). 
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9. Anti-LIN-8. LIN-56. or LIN-61 Antibodies 

In general, to generate a LIN-8, LIN-56, or LIN-61 -specific antibody, a lin-8, lin- 
56, or lin-61 coding sequence may be expressed as a C-terminal fusion with glutathione 
S-transferase (GST) (Smith et al., Gene 67:31-40, 1988). The fusion protein can be 
5 purified on glutathione-sepharose beads, eluted with glutathione cleaved with thrombin 
(at the engineered cleavage site), and purified to the degree necessary for immunization 
of rabbits. Primary immunizations can be carried out with Freund's complete adjuvant 
and subsequent immunizations with Freund's incomplete adjuvant. Antibody titres are 
monitored by Western blot and immunoprecipitation analyses using the thrombin-cleaved 
10 LIN-8, LIN-56, or LIN-61 polypeptide fragment of the GST-LIN-8, -LIN-56, or -LIN-61 
.~ fusion protein. Immune sera are affinity purified using, for example, CNBr-Sepharose- 

*0 coupled LIN-8, LIN-56, or LIN-61 protein. Antiserum specificity is determined using a 

!B 

0 panel of unrelated GST proteins (including GSTp53, Rb, HPV-16 E6, and E6-AP) and 

1 % GST-trypsin (which was generated by PCR using known sequences). 

iU 15 As an alternate or adjunct immunogen to GST fusion proteins, peptides 

111 

corresponding to relatively unique regions of LIN-8, LIN-56, or LIN-61 may be 
generated and coupled to keyhole limpet hemocyanin (KLH) through an introduced C- 
terminal lysine. Antiserum to each of these peptides is similarly affinity purified on 
peptides conjugated to BSA, and specificity tested in ELISA and Western blots assays 
H20 using peptide conjugates, and by Western blot and immunoprecipitation techniques using 
LIN-8, LIN-56, or LIN-61 expressed as a GST fusion protein. 

Alternatively, monoclonal antibodies may be prepared using the LIN-8, LIN-56, 
or LIN-61 proteins described above and standard hybridoma technology (see, e.g., Kohler 
et al, Nature 256:495, 1975; Kohler et al., Eur. J. Immunol. 6:511, 1976; Kohler et al., 
25 Eur. J. Immunol. 6:292, 1976; Hammerling et al., In Monoclonal Antibodies and T Cell 
Hvbridomas , Elsevier, NY, 1981; Ausubel et al., (supra)). Once produced, monoclonal 
antibodies are also tested for specific recognition by Western blot or immunoprecipitation 
analysis (by the methods described in Ausubel et al. (supra). Antibodies which 

-36- 



specifically recognize LIN-8, LIN-56, or LIN-61 are considered to be useful in the 
invention; such antibodies may be used, e.g., in an immunoassay to monitor the level of 
LIN-8, LIN-56, or LIN-61 produced by an animal (for example, to determine the amount 
or subcellular location of LIN-8, LIN-56, or LIN-6 1). 
5 Preferably antibodies of the invention are produced using fragments of the LIN-8, 

LIN-56, or LIN-61 polypeptide that are positioned outside highly conserved regions and 
appear likely to be antigenic, by criteria such as those provided by the Peptidestructure 
program of the Genetics Computer Group Sequence Analysis Package (Program Manual 
for the GCG Package, Version 7, 1991) using the algorithm of Jameson and Wolf 
10 (CABIOS 4:181, 1988). In one specific example, such fragments are generated by 
« standard PGR techniques and cloned into the pGEX expression vector (Ausubel et al. 

KB? 

D {supra). Fusion proteins are expressed in E. coli and purified using a glutathione agarose 

-j affinity matrix, as described in Ausubel et al. (supra). To attempt to minimize the 

^ potential problems of low affinity or specificity of antisera, two or three such fusions are 

f i 

IJ 15 generated for each polypeptide, and each fusion is injected into at least two rabbits. 

Antisera are raised by injections in a series, preferably including at least three booster 
^ injections. 

3 To demonstrate the utility of this approach, we generated polyclonal antibodies 

against a fusion of full-length LIN-8 with maltose binding protein (MBP) (see Example 1 

20 for the detailed protocol used). In order to increase the sensitivity of the antibodies, they 
were affinity-purified against a GST::LIN-8 fusion, and pre-adsorbed with extract from 
Hn-8(n2731) worms. 

In addition, the antibodies that we generated against LIN-56 (see Example 2) 
were also affinity purified and pre-adsorbed with extract from Un-56(n2728) worms. We 

25 used one of these anti-LIN-56 antibodies (KM 1923) for Western analysis and for 
wholemount staining. This antibody recognizes a doublet in wild-type but not lin- 
56(n2728) worm extracts on Western analysis and the proteins in this doublet fractionate 
specifically with nuclear material. Furthermore, wholemount staining with this antibody 
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reveals that lin-56 is expressed in the nuclei of most if not all cells throughout 
development and adulthood (Fig. 9 A-D). We also stained Un-56(n2728) embryos, 
larvae, and adults to show that the HM1923 antibody is specific for LIN-56. As is seen 
in Fig. 10, LIN-56 staining is absent in LIN-56 mutant worms, indicating that the 
antibody is specific for LIN-56. 

In addition, LIN-56 appears to be absent from nuclei during part of the cell cycle, 
probably as a result of nuclear membrane breakdown. Furthermore, LIN-56 expression 
and localization appear wild-type in the synMuv A lin-8 and lin-38 mutants, but the 
nuclear expression of LIN-56 appears severely reduced or even absent in Hn-15A(n767) 
and Un-15AB(n309) mutants. By Western analysis, LIN-56 protein levels do in fact 
appear reduced in Un-15A(n767) worm extracts, and the ratio of the bands in the detected 
doublet may even be altered. 

10. Identification of Molecules that Modulate LIN-8, LIN-56, or LIN-61 Polypeptide 
Expression 

Isolation of lin-8, lin-56, or lin-61 cDNAs also facilitates the identification of 
molecules which increase or decrease LIN-8, LIN-56, or LIN-61 expression. According 
to one approach, candidate molecules are added at varying concentrations to the culture 
medium of cells or nematodes expressing LIN-8, LIN-56, or LIN-61. lin-8, lin-56, or lin- 
61 expression is then measured, for example, by standard Northern blot analysis (Ausubel 
et al. {supra)) using a lin-8, lin-56, or lin-61 cDNA (or cDNA fragment) as a 
hybridization probe (see also Table III). The level of lin-8, lin-56, or lin-61 expression in 
the presence of the candidate molecule is compared to the level measured for the same 
cells in the same culture medium but in the absence of the candidate molecule. When 
nematodes are being used, the phenotypes associated with the synMuv pathway may be 
utilized as the primary screen for alteration in polypeptide expression. 

If desired, the effect of candidate modulators on expression may, in the 
alternative, be measured at the level of LIN-8, LIN-56, or LIN-61 polypeptide production 
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using the same general approach and standard immunological detection techniques, such 
as Western blotting or immunoprecipitation with a LIN-8, LIN-56, or LIN-61 -specific 
antibody (for example, the LIN-8, LIN-56, or LIN-61 antibody described herein). 

Candidate modulators may be purified (or substantially purified) molecules or 
may be one component of a mixture of compounds (e.g., an extract or supernatant 
obtained from cells; Ausubel et al. {supra)). In a mixed compound assay, LIN-8, LIN-56, 
or LIN-61 expression is tested against progressively smaller subsets of the candidate 
compound pool (e.g., produced by standard purification techniques, e.g., HPLC or FPLC) 
until a single compound or minimal compound mixture is demonstrated to modulate LIN- 
8, LIN-56, or LIN-61 expression. 

Alternatively, or in addition, candidate compounds may be screened for those, 
which modulate LIN-8, LIN-56, or LIN-61 cell proliferation. In this approach, the 
degree of cell proliferation, or the LIN-8, LIN-56, or LIN-61 phenotype in the presence 
of a candidate compound is compared to the degree of cell proliferation in its absence, 
under equivalent conditions. Again, such a screen may begin with a pool of candidate 
compounds, from which one or more useful modulator compounds are isolated in a step- 
wise fashion. Cell proliferation may be measured by any standard assay. 

Candidate LIN-8, LIN-56, or LIN-61 modulators include peptide as well as non- 
peptide molecules (e.g., peptide or non-peptide molecules found, e.g., in a cell extract, 
mammalian serum, or growth medium on which mammalian cells have been cultured). 

Modulators found to be effective at the level of LIN-8, LIN-56, or LIN-61 
expression or biological activity may be confirmed as useful in animal models and, if 
successful, may be used as anti-cancer therapeutics to increase or decrease cell 
proliferation. 
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1 1 . Iin-8. lin-56. or lin-61 Therapy 

Because expression levels oilin-8, lin-56 t or lin-61 genes correlate with the levels 
of cell proliferation, such genes also find use in gene therapy to modulate cell 
proliferation. 

5 Retroviral vectors, adenoviral vectors, adeno-associated viral vectors, or other 

viral vectors with the appropriate tropism for cells likely to be involved in the cell 
proliferation disease may be used as a gene transfer delivery system for a therapeutic lin- 
8, lin-56, or lin-61 gene construct. Numerous vectors useful for this purpose are 
generally known in the art (Miller, Human Gene Therapy 5-14, 1990; Friedman, Science 
10 244:1275-1281, 1989; Eglitis and Anderson, BioTechniques 6:608-614, 1988; Tolstoshev 
and Anderson, Current Opinion in Biotechnology 1:55-61, 1990; Sharp, The Lancet 
m 337:1277-1278, 1991; Cometta et al., Nucleic Acid Research and Molecular Biology 

i'fi 

•J 36:31 1-322, 1987; Anderson, Science 226:401-409, 1984; Moen, Blood Cells 17:407- 
% 416, 1991; and Miller and Rosman, BioTechniques 7:980-990, 1989; Le Gal La Salle et 

|lJ 15 al., Science 259:988-990, 1993; and Johnson, Chest 107:77S-83S, 1995). Retroviral 

ixj 

"' vectors are particularly well developed and have been used in clinical settings (Rosenberg 

j3 et al, N. Engl. J. Med 323:370, 1990; Anderson et al., U.S. Pat. No. 5,399,346). 

P Non- viral approaches may also be employed for the introduction of therapeutic 

: : 

DNA into cells otherwise predicted to undergo insufficient or excess cell proliferation. 
^20 For example, lin-8, lin-56, or lin-61 may be introduced into a cell by the techniques of 
lipofection (Feigner et al., Proc. Natl. Acad. Sci. USA 84:7413, 1987; Ono et al, 
Neuroscience Lett. 117:259, 1990; Brigham et al., Am. J. Med. Sci. 298:278, 1989; 
Staubinger and Papahadjopoulos, Meth. Enz. 101:512, 1983); asialorosonucoid- 
polylysine conjugation (Wu and Wu, J. Biol. Chem. 263:14621, 1988; Wu et al., J. Biol. 
25 Chem. 264: 16985, 1989); or, less preferably, microinjection under surgical conditions 
(Wolff et al., Science 247:1465, 1990). 

For any of the above approaches, the therapeutic lin-8, lin-56, or lin-61 DNA 
construct, or an antisense nucleic acid, is preferably applied to the site of the predicted 
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cell proliferation event (for example, by injection), but may also be applied to tissue in 
the vicinity of the predicted event or even to a blood vessel supplying the cells predicted 
to undergo insufficient or excess cell proliferation. 

In the gene therapy constructs, lin-8, lin-56, or lin-61 cDNA expression is 
5 directed from any suitable promoter (e.g., the human cytomegalovirus, simian virus 40, 
or metallothionein promoters), and its production is regulated by any desired regulatory 
element. For example, if desired, enhancers known to direct preferential gene expression 
in a particular cell may be used to direct lin-8, lin-56, or lin-61 expression. Such 
enhancers include, without limitation, those enhancers which are characterized as tissue 
10 or cell specific in their expression. 

Alternatively, if a lin-8, lin-56, or lin-61 genomic clone is utilized as a therapeutic 

M 

s 3 construct (for example, following its isolation by hybridization with the lin-8 \ lin-56 } or 

jj u 

G lin-61 cDNA described above), lin-8 f lin-56, or lin-61 expression is regulated by its 
l~ cognate regulatory sequences or, if desired, by regulatory sequences derived from a 
jy 15 heterologous source, e.g., any of the promoters or regulatory elements described above. 
] m Less preferably, lin-8 \ lin-56, or lin-61 gene therapy is accomplished by direct 

5 J administration of the lin-8 \ lin-56, or lin-61 mRNA to a cell predicted to undergo excess 

Iff 

p or insufficient cell proliferation. This mRNA may be produced and isolated by any 
:Z> standard technique, but is most readily produced by in vitro transcription using a lin-8, 
!™20 lin-56, or lin-61 cDNA under the control of a high efficiency promoter (e.g., the T7 

promoter). Administration of lin-8, lin-56, or lin-61 mRNA to malignant cells is carried 

out by any of the methods for direct nucleic acid administration described above. 

Ideally, the production of a LIN-8, LIN-56, or LIN-61 polypeptide by any gene 

therapy approach described above results in a cellular level of LIN-8, LIN-56, or LIN-61 
25 that is at least equivalent to the normal, cellular level of LIN-8, LIN-56, or LIN-61 in an 

unaffected individual. Treatment by any lin-8, lin-56, or lin-61 -mediated gene therapy 

approach may be combined with more traditional therapies. 
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Another therapeutic approach included within the invention involves direct 
administration of recombinant LIN-8, LIN-56, or LIN-61 protein, either to the site of a 
predicted or desirable cell proliferation event (for example, by injection) or systemically 
by any conventional recombinant protein administration technique. The actual dosage of 
5 LIN-8, LIN-56, or LIN-61 administered depends on a number of factors, including the 
size and health of the individual patient, but, generally, between 0.1 mg and 100 mg, 
inclusive, are administered per day to an adult in any pharmaceutically-acceptable 
formulation. 

The nucleic acids of the present invention may also be utilized in plant cells. 
10 Such sequences may be expressed in plant cells, and used, for example, to promote plant 
survival or growth (e.g., by providing disease resistance). 

: 

i as? 

m 

r { 12. Administration of LIN-8, LIN-56, or LIN-61 Polypeptides, lin-8. lin-56, or lin-61 
^ Nucleic Acid Sequences, or Modulators of LIN-8, LIN-56, or LIN-61 Synthesis or 

in 

n;15 Function 

hi 

A LIN-8, LIN-56, or LIN-61 polypeptide, nucleic acid sequence, or modulator 
O may be administered with a pharmaceutically-acceptable diluent, carrier, or excipient, in 

In 

n unit dosage form. Conventional pharmaceutical practice may be employed to provide 

suitable formulations or compositions to administer LIN-8, LIN-56, or LIN-61 to patients 

1^20 suffering from, or presymptomatic for, a LIN-8, LIN-56, or LIN-61, or synMuv- 
associated cancer. Any appropriate route of administration may be employed, for 
example, parenteral, intravenous, subcutaneous, intramuscular, intracranial, intraorbital, 
ophthalmic, intraventricular, intracapsular, intraspinal, intracisternal, intraperitoneal, 
intranasal, aerosol, or oral administration. Therapeutic formulations may be in the form 
25 of liquid solutions or suspensions; for oral administration, formulations may be in the 

form of tablets or capsules; and for intranasal formulations, in the form of powders, nasal 
drops, or aerosols. 
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Methods well known in the art for making formulations are found, for example, in 
Remington's Pharmaceutical Sciences ((18 th edition), ed. A. Gennaro, 1990, Mack 
Publishing Company, Easton, PA). Formulations for parenteral administration may, for 
example, contain excipients, sterile water, or saline, polyalkylene glycols such as 
5 polyethylene glycol, oils of vegetable origin, or hydrogenated napthalenes. 
Biocompatible, biodegradable lactide polymer, lactide/glycolide copolymer, or 
polyoxyethylene-polyoxypropylene copolymers may be used to control the release of the 
compounds. Other potentially useful parenteral delivery systems for LIN-8, LIN-56, or 
LIN-61 polypeptides, nucleic acid sequences or modulatory compounds include ethylene- 
10 vinyl acetate copolymer particles, osmotic pumps, implantable infusion systems, and 
tes . liposomes. Formulations for inhalation may contain excipients, for example, lactose, or 
:Q may be aqueous solutions containing, for example, polyoxyethylene-9-lauryl ether, 
G glycocholate and deoxycholate, or may be oily solutions for administration in the form of 

"5 

j J~ nasal drops, or as a gel. 

iy 15 If desired, treatment with a LIN-8, LIN-56, or LIN-61 polypeptide, nucleic acid 

^ sequence, or modulatory compound may be combined with more traditional therapies for 

1 3 the disease such as surgery, radiation, or chemotherapy for cancers. 

in 



13. Detection of A Condition Involving Altered Cell Proliferation or an Increased 
1=^20 Likelihood of Developing a Cell Proliferation Disease 

LIN-8, LIN-56, or LIN-61 polypeptides and nucleic acid sequences find 
diagnostic use in the detection or monitoring of conditions involving aberrant levels of 
cell proliferation. A decrease or increase in the level of LIN-8, LIN-56, or LIN-61 
production may provide an indication of a deleterious condition. Levels of LIN-8, LIN- 
25 56, or LIN-61 expression may be assayed by any standard technique. For example, its 
expression in a biological sample (e.g., a biopsy) may be monitored by standard Northern 
blot analysis, using, for example, probes designed from lin-8, lin-56, or lin-61 nucleic 
acid sequences, or from nucleic acid sequences that hybridize to a lin-8 9 lin-56, or lin-61 
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nucleic acid sequence. Measurement of such expression may be aided by PCR (see, e.g., 
Ausubel et al. (supra); PCR Technology: Principles and Applications for DNA 
Amplification, ed., H.A. Ehrlich, Stockton Press, NY; and Yap and McGee, Nucl. Acids 
Res. 19:4294, 1991). 

5 Alternatively, a patient sample may be analyzed for one or more mutations in the 

lin-8, lin-56, or lin-61 sequences using a mismatch detection approach. Generally, these 
techniques involve PCR amplification of nucleic acid from the patient sample, followed 
by identification of the mutation (i.e., mismatch) by either altered hybridization, aberrant 
electrophoretic gel migration, binding or cleavage mediated by mismatch binding 
10 proteins, or direct nucleic acid sequencing. Any of these techniques may be used to 

facilitate mutant lin-8, lin-56, or lin-61 detection, and each is well known in the art (see, 
S for example, Orita et al, Proc. Natl. Acad. Sci. USA 86:2766-2770, 1989; and Sheffield 
Jj et al., Proc. Natl. Acad. Sci. USA 86:232-236, 1989). 

U In yet another approach, immunoassays are used to detect or monitor a LIN-8, 

f ^ 

|jl5 LIN-56, or LIN-61 polypeptide in a biological sample. LIN-8, LIN-56, or LIN-61- 
^ ? specific polyclonal or monoclonal antibodies (produced as described above) may be used 
3 in any standard immunoassay format (e.g., ELISA, Western blot, or RIA assay) to 
h measure LIN-8, LIN-56, or LIN-61 polypeptide levels; again comparison is to wild-type 
IT LIN-8, LIN-56, or LIN-61 levels, and an increase or decrease in LIN-8, LIN-56, or LIN- 
^20 61 production is indicative of a condition involving altered cell proliferation. Examples 
of immunoassays are described, e.g., in Ausubel et al. (supra). Immunohistochemical 
techniques may also be utilized for LIN-8, LIN-56, or LIN-61 detection. For example, a 
tissue sample may be obtained from a patient, and a section stained for the presence of 
LIN-8, LIN-56, or LIN-61 using an anti-LIN-8, LIN-56, or LIN-61 antibody and any 
25 standard detection system (e.g., one which includes a secondary antibody conjugated to 
horseradish peroxidase). General guidance regarding such techniques can be found in, 
e.g., Bancroft and Stevens (Theory and Practice of Histological Techniques , Churchill 
Livingstone, 1982) and Ausubel et al. (supra). 
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In one preferred example, a combined diagnostic method may be employed that 
begins with an evaluation of LIN-8, LIN-56, or LIN-61 polypeptide production (for 
example, by immunological techniques or the protein truncation test (Hogerrorst et aL, 
Nature Genetics 10:208-212, 1995) and also includes a nucleic acid-based detection 
technique designed to identify more subtle lin-8, lin-56, or lin-61 mutations (for example, 
point mutations). As described above, a number of mismatch detection assays are 
available to those skilled in the art, and any preferred technique may be used (see above). 
By this approach, mutations in lin-8, lin-56, or lin-61 may be detected that either result in 
loss of LIN-8, LIN-56, or LIN-61 expression or biological activity. 

Mismatch detection assays also provide the opportunity to diagnose a lin-8, lin- 
56, or lin-61 -mediated predisposition to diseases of cell proliferation. For example, a 
patient heterozygous for a lin-8, lin-56, or lin-61 mutation may show no clinical 
symptoms and yet possess a higher than normal probability of developing one or more 
types of diseases. Given this diagnosis, a patient may take precautions to minimize their 
exposure to adverse environmental factors (for example, UV exposure or chemical 
mutagens) and to carefully monitor their medical condition (for example, through 
frequent physical examinations). This type of lin-8, lin-56, or lin-61 diagnostic approach 
may also be used to detect lin-8, lin-56, or lin-61 mutations in prenatal screens. 

The lin-8, lin-56, or lin-61 diagnostic assays described above may be carried out 
using any biological sample (for example, any biopsy sample or bodily fluid or tissue) in 
which lin-8, lin-56, or lin-61 is normally expressed. Identification of a mutant lin-8, lin- 
56, or lin-61 gene may also be assayed using these sources for test samples. 
Alternatively, a lin-8, lin-56, or lin-61 mutation, particularly as part of a diagnosis for 
predisposition to lin-8, lin-56, or /*>i-67-associated proliferative disease, may be tested 
using a DNA sample from any cell, for example, by mismatch detection techniques; 
preferably, the DNA sample is subjected to PCR amplification prior to analysis. 

The following examples are meant to illustrate the invention and should not be 
construed as limiting. 
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Examples 

Example 1: Generation of Rabbit and Guinea Pig Polyclonal Antibodies Against LIN-8 

We made a fusion protein of full-length LIN-8 with MBP and had Covance 
(Richmond, CA) produce LIN-8 polyclonal antibodies using two rabbits and two guinea 
5 pigs. However, anyone skilled in the art may generate antibodies against LIN-8 using the 
following protocol. 

New Zealand White Female Rabbits were bled prior to injection of the antigen, 
for later use as a control in establishing background reactivity of the serum. Following 
the prebleed, the rabbits were injected subcutaneously at multiple sites with 250 jag 
10 protein and 0.5mL Freund's Complete Adjuvant (FCA). Three weeks later, the rabbits 
received a subcutaneous, dorsal, boost injection of 125 jxg protein with 1 .OmL Freund's 
hQ Incomplete Adjuvant (FIA). The first test bleed was performed 1 1 days later, followed 
! j by a second subcutaneous, dorsal boost injection of 125 (j,g protein and 1 .OmL FIA 9 days 

Tu after the test bleed. A second test bleed was performed 1 1 days after the second boost, 

111 

lyl5 followed by a third subcutaneous, dorsal boost of 125 jag protein and 1 .OmL FIA 10 days 
] fe after the second test bleed. The first production bleed was performed 10 days after the 
Q third boost, followed by a fourth subcutaneous, dorsal boost of 125 jig and l.OmL FIA 10 
j~i days after the first production bleed. A second production bleed was performed 1 1 days 
jl! after the fourth boost, followed by a fifth subcutaneous, dorsal boost of 125 jag and 
U20 1 .OmL FIA 10 days after the second production bleed. A third production bleed was 
performed 1 1 days after the fifth boost, followed by exsanguination after 6 days. 

The protocol used to produce LIN-8 antibodies in guinea pigs closely follows the 
one outlined for rabbits above. Dunkin Hartley Guinea Pig were used and prebled prior 
to subcutaneous and intradermal injection of 200 p,g protein and l.OmL FCA. Three 
25 weeks after the primary injection, the guinea pigs received a boost injection of 100 \ig 
protein and 0.5mL FIA, subcutaneously in the neck. After 1 1 days, the first test bleed 
was performed, followed 10 days later by a second boost of 100 \ig protein and 0.5mL 
FIA, subcutaneously in the neck. The second test bleed was performed after 1 1 days, 
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followed 10 days later by a third boost of 100 jag protein and 0.5mL FIA, subcutaneously 
in the neck. The first production bleed was performed 1 1 days after the third boost, 
followed 10 days later by a fourth subcutaneous, dorsal boost of 100 |ig protein and 
0.5mL FIA. The second production bleed followed 1 1 days later and a fifth boost of 100 
|ig protein and 0.5mL FIA was performed after 10 days. The third production bleed was 
performed 1 1 days later, followed by exsanguination after 6 days. 

Generally, polyclonal antibodies are affinity purified to increase their specificity. 
In addition, the polyclonal antibody may be depleted of any components that do not 
specifically bind to the protein of interest by pre-adsorbing the antibody with an extract 
made from tissue that lacks the protein of interest. For example, an extract from lin- 
8(n2731) worms may be used to remove any antibodies that bind worm proteins besides 
LIN-8. 

Example 2: Generation of Rabbit and Rat Polyclonal Antibodies Against LIN-56 

We made a fusion protein of full-length LIN-56 with GST and had Covance 
(Richmond, CA) produce LIN-56 polyclonal antibodies using two rabbits and two rats. 
However, anyone skilled in the art may generate antibodies against LIN-56 using the 
following protocol. 

New Zealand White Female Rabbits were bled prior to intradermal injection in 
the back with 250 |ag protein and 0.5mL FCA. Three weeks later, the rabbits received a 
subcutaneous nodal (groin and pit) area boost injection of 125 |ig protein with 0.5mL 
FIA. The first test bleed was performed 10 days later, followed by a second 
subcutaneous boost injection of 125 jag protein and 0.5 mL FIA in the neck, 1 1 days after 
the test bleed. A second test bleed was performed 10 days after the second boost, 
followed by a third subcutaneous, dorsal boost of 125 jig protein and 1 .OmL FIA 1 1 days 
after the second test bleed. The first production bleed was performed 10 days after the 
third boost, followed by a fourth subcutaneous nodal area (groin and pit) boost of 125 ^g 
and 1 .OmL FIA 10 days after the first production bleed. A second production bleed was 
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performed 1 1 days after the fourth boost, followed by a fifth subcutaneous, dorsal boost 
of 125 ng and 1 .OmL FIA 1 1 days after the second production bleed. A third production 
bleed was performed 10 days after the fifth boost, followed by exsanguination after 10 
days. 

The protocol used to produce LIN-56 antibodies in rats closely follows the one 
outlined for rabbits above. SD rats were used and prebled prior to subcutaneous injection 
of 200 jag protein and 0.4mL FCA, in the neck. Three weeks after the primary injection, 
the rats received a boost injection of 100 jig protein and 0.4mL FIA, subcutaneously in 
the neck. After 10 days, the first test bleed was performed, followed 1 1 days later by a 
second boost of 100 jig protein and 0.4mL FIA, subcutaneously in the neck. The second 
test bleed was performed after 10 days, followed 1 1 days later by a third boost of 100 \ig 
protein and 0.4mL FIA, subcutaneously in the neck. The first production bleed was 
performed 10 days after the third boost, followed 1 1 days later by a fourth subcutaneous, 
dorsal boost of 100 jag protein and 0.4mL FIA. The second production bleed followed 10 
days later and a fifth boost of 100 jxg protein and 0.4mL FIA was performed after 1 1 
days. The third production bleed was performed 10 days later, followed by 
exsanguination after 10 days. 



Other Embodiments 

While the invention has been described in connection with specific embodiments 
thereof, it will be understood that it is capable of further modifications. This application 
is intended to cover any variations, uses, or adaptations of the invention following, in 
general, the principles of the invention and including such departures from the present 
disclosure as come within known or customary practice within the art to which the 
invention pertains and which may be applied to the essential features hereinbefore set 
forth. 
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All publications and patent applications mentioned in this specification are herein 
incorporated by reference to the same extent as if each independent publication or patent 
application was specifically and individually indicated to be incorporated by reference. 

What is claimed is: 
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